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(57) ABSTRACT

A gamma ray detector for detecting a gamma ray emitted
from a target of measurement includes: an organic scintillator
for detecting Compton electrons resulting from a gamma ray
emitted from the target of measurement; an inorganic scintil-
lator for detecting a Compton gamma ray; and photodetector
modules for detecting light generation in the corresponding
scintillators. Light generation signals from the organic and
inorganic scintillators are synchronously measured, and a
detection window of a gamma ray is generated. Thus, an
inexpensive radiation diagnostic device of an ultra-high S/N
ratio and low cost is provided.

29 Claims, 17 Drawing Sheets
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Fig. 9
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( B ) Three-dimensional coordinates

Fig. 13

( A)) Two-dimensional coordinates



U.S. Patent Jun. 18, 2013 Sheet 11 of 17 US 8,466,418 B2

n% Interaction point
e Gamma ray
Gammaray 0000000 e * Compton scattered gamma ray
~~~~~ » Compton scattered electron



U.S. Patent Jun. 18, 2013 Sheet 12 of 17 US 8,466,418 B2




U.S. Patent Jun. 18, 2013 Sheet 13 of 17 US 8,466,418 B2

Fig. 18
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Fig. 20
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1
GAMMA RAY DETECTOR, RADIATION
DIAGNOSTIC DEVICE, TOMOGRAPHY
DEVICE, AND METHOD OF ANALYZING
TOMOGRAPHY DEVICE

TECHNICAL FIELD

The present invention relates to a gamma ray detector, a
radiation diagnostic device, a tomography device, and a
method of analyzing the tomography device. In particular, the
invention relates to a super high sensitive gamma ray detector
that can be realized at low cost without using a collimator, a
radiation diagnostic device using the gamma ray detector, a
tomography device, and a method of analyzing the tomogra-
phy device.

BACKGROUND ART

Positron emission tomography (PET) using a labeling
agent exhibiting excellence in sensitivity and quantitative
performance has widely been used in clinical practice in
recent years in order to obtain information that can be
reflected in a treatment plan such as cancer detection, deter-
mination of benignity versus malignancy, determination of
the effect of treatment, diagnosis of relapse, and prognostic
prediction. Widespread use of PET testing develops a fear of
exposure of examinees and healthcare workers (doctors,
radiographers and nurses) to radiation. Controlling the expo-
sure to a minimum possible level is an important problem to
be solved. Meanwhile, in order to ease examinee’s anxiety
during testing, it is desired that a radiation diagnostic device
with high resolution and high detection efficiency capable of
making a determination promptly and appropriately be
offered at low cost.

An example of a gamma ray detector used in such a radia-
tion diagnostic device is disclosed in Patent Document 1. In
the gamma ray detector disclosed therein, a collimator, Nal
(sodium iodide), and a PMT (photomultiplier tube) are
stacked. Parallel holes of a small diameter are defined in the
lead collimator, and only those gamma rays that travel from a
direction of the holes are guided by the collimator to a single
crystal of Nal. Then, fluorescent light of an intensity propor-
tionate to the energy transfer from the gamma rays is gener-
ated at the single crystal. The fluorescent light is detected by
the PMT, so that the intensity and position of the gamma rays
are determined.

Patent Document 2 discloses a dual-purpose device func-
tioning both for SPECT (single photon emission computed
tomography) and PET where gamma ray detectors are
arranged to place a target of measurement therebetween.

Further, Patent Document 3 discloses a gamma ray detector
where a group of scintillators with a large number of colum-
nar scintillators closely connected together, and an APD array
with a large number of avalanche photodiodes (APD) closely
connected to the scintillators, are optically coupled.

[Patent Document 1] Japanese Patent Application Laid-Open

No. Hei. 5-66275
[Patent Document 2] Japanese Patent Application Laid-Open

No. 2001-159682
[Patent Document 3] Japanese Patent Application Laid-Open

No. Hei. 7-311270

However, there are problems that use of a collimator as in
the technique disclosed in Patent Document 1 increases the
weight and size of a detector. The technique disclosed in
Patent Document 2 finds it difficult to accurately specify the
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position of a radionuclide. Further, the technique disclosed in
Patent Document 3 requires a radiation detector of a compli-
cated structure.

DISCLOSURE OF INVENTION

The present invention has been made to solve the foregoing
problems of the conventional techniques. An object of the
invention is to provide a gamma ray detector at low cost that
is capable of realizing an ultra-high S/N ratio, high-energy
resolution, high spatial resolution, and high temporal resolu-
tion.

The invention solves the foregoing problems in the way as
follows. A gamma ray detector for detecting a gamma ray
emitted from a target of measurement includes: an organic
scintillator for detecting Compton electrons resulting from a
gamma ray emitted from the target of measurement; an inor-
ganic scintillator for detecting a Compton gamma ray; and
photodetectors for detecting light generation in the corre-
sponding scintillators. The gamma ray detector performs syn-
chronous measurement to select a pair according to the same
event by using a detected time and detected energy detected
by each of the photodetectors on the basis of light generation
in the organic scintillator and the inorganic scintillator.

If the detector modules are provided as a pair, the detector
modules each perform synchronous measurement, thereby
enhancing performance of noise removal.

A detection window of a gamma ray when a determination
of synchronous measurement may be made as a standard of a
detected time of light generation in the organic scintillator.

The interval of a detection window to be generated may be
changed between when a very short short-time window
appropriate to the time width of light generation in the organic
scintillator and a relatively long long-time window appropri-
ate to the time width of light generation in the inorganic
scintillator overlap each other, and when they do not overlap
each other. This enhances measurement accuracy.

Ifthe very short short-time window appropriate to the time
width of light generation in the organic scintillator and the
relatively long long-time window appropriate to the time
width of light generation in the inorganic scintillator overlap
each other, an overlapping interval may be defined as a detec-
tion window, and may be employed as a standard of a detected
time.

Ifthe very short short-time window appropriate to the time
width of light generation in the organic scintillator and the
relatively long long-time window appropriate to the time
width of light generation in the inorganic scintillator do not
overlap each other, the very short short-time window appro-
priate to the time width of light generation in the organic
scintillator may be defined as a detection window, and may be
employed as a standard of a detected time.

A detected time and detected energy detected by the pho-
todetector for the inorganic scintillator, and those detected by
the photodetector for the organic scintillator may be scanned
along the time axis within a synchronous scanning window of
a predetermined time width. Then, a flag in the synchronous
scanning window can be detected immediately before the
synchronous scanning window passes through an organic
flag.

Further, a sum of detected energy of all flags in the syn-
chronous scanning window may be obtained immediately
before the synchronous scanning window passes through the
organic flag. If the sum is smaller than a reference level of
emitted energy of a gamma ray, the organic flag may be
determined as a noise.
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The energy of the organic flag may be detected immedi-
ately before the synchronous scanning window passes
through the organic flag. If the detected energy is greater than
a reference level of emitted energy of a gamma ray, the
organic flag may be determined as a noise.

Further, the accuracy of a time measured in simultaneous
measurement may be enhanced by measuring the time on the
basis of the synchronous measuring window.

Gamma rays emitted from the target of measurement can
be reconstructed by adding the absorbed amounts of energy of
the gamma rays synchronously measured in the two types of
scintillators.

A region of emission from the target of measurement can
be limited by arranging the detector modules as a pair to place
the target of measurement therebetween, and by making each
of the detector modules reconstruct a gamma ray.

A position of emission from the target of measurement can
be specified to that on a line without performing Fourier
conversion by arranging the detector modules as a pair to
place the target of measurement therebetween, and by con-
necting positions by the line where gamma rays are generated
in the corresponding organic scintillators.

The above-described limited region of emission can be
specified to a line in the foregoing way.

A distance from the organic scintillator to the target of
measurement may be determined in the above-described lim-
ited region of emission by analyzing a time of flight.

The time of flight can be analyzed by using the respective
outputs from the foregoing detector modules as a pair.

The inorganic scintillator may be arranged on a side sur-
face of the organic scintillator.

The inorganic scintillator may have a wedge shape with a
sharp edge pointing to the target of measurement.

The photodetector can be arranged such that a photo-de-
tecting section of the photodetector optically faces part of a
light extraction surface of the scintillator. A photodetector for
obtaining a distribution of light generation in the X direction
based on a fluorescence distribution analysis technique, and a
photodetector for obtaining a distribution of light generation
in the'Y direction based on the fluorescence distribution ana-
lyzing technique, may be provided on the optically facing
part.

The photodetectors can be arranged along the X and Y
central axes of the light extraction surface of the scintillator.

Data obtained by simultaneous measurement of a synchro-
nously measured event may be constructed into an image
without performing Fourier conversion. This reduces time for
image formation while enhancing image accuracy.

The gamma ray detector may be employed as a single
detector module.

The gamma ray detector may be employed as a detector for
an SPECT device.

The gamma ray detector may be employed as a detector for
a PET device.

The invention is also intended to provide a radiation diag-
nostic device where the gamma ray detector is arranged
around a target of measurement.

The invention is also intended to provide a tomography
device where the gamma ray detectors are arranged as a pair
in order to detect annihilation gamma rays as a pair emitted in
opposite directions from a target of measurement.

The invention is also intended to provide a tomography
device for analyzing times of flight by using outputs from the
gamma ray detectors as a pair.

The invention is also intended to provide a method of
analyzing a tomography device. The method is performed on
the foregoing tomography device, and includes: a step of
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identifying energy in a detection window of a gamma ray
suitable for characteristics of the organic scintillator; a step of
identifying a gamma ray by using a sum of energy of the
organic scintillator and the inorganic scintillator; a step of
calculating fluorescent coordinates in the organic scintillator
by using a scintillation distribution within the organic scin-
tillator; a step of specifying a region specified only by energy
information to a line by connecting fluorescent coordinates in
the two organic scintillators as a pair by a line; and a step of
specifying three-dimensional coordinates of a radionuclide
on the line by using a difference between arrival times of
gamma rays at the two organic scintillators as a pair.

The invention is also intended to provide a computer pro-
gram readable from a recording medium, and which causes a
computer to execute the method of analyzing a topography
device.

The invention is also intended to provide a computer-read-
able recording medium where the computer program is
stored.

An organic scintillator has conventionally been considered
as inappropriate for gamma ray detection due to its low den-
sity that causes a plenty of gamma rays to pass therethrough.
Meanwhile, in the invention, an organic scintillator is com-
bined with an inorganic scintillator, and a synchronous mea-
suring technique that is a newly developed analysis method is
employed. Thus, the invention makes it possible to detect a
gamma ray in a wide-energy region (ranging from several
tens ofkilo-electron volts to some mega-electron volts). Next,
the characteristics of the invention in terms of software, and
those of the invention in terms of hardware are described in
this order.

The characteristics of the invention in terms of software
include a synchronous measuring technique. In the synchro-
nous measuring technique, a pair based on the same event is
selected according to detected time and detected energy
detected by each of photodetectors for detecting light genera-
tion in organic and inorganic scintillators. The synchronous
measuring technique is described next by referring to the flow
charts of FIGS. 20 and 21.

As shown in FIG. 20, a detector module of the invention
includes an organic light generation signal (Sal-1) and an
inorganic light generation signal (Sal-2) for detecting
gamma rays, and processing circuits Al (Sa2-1) and A2 (Sa2-
2) for photoelectrically converting the corresponding light
generation signals. Each processing circuit generates an elec-
tric signal containing information about the time and energy
(T/E) of a detected gamma ray on the basis of the correspond-
ing light generation signal.

Inthe synchronous measuring technique shown in FIG. 20,
electric signals generated by the processing circuits Al and
A2 are processed by sequentially following a series of sta-
tuses including creation of a T/E memory (Sa3), synchronous
window scanning (Sad), E check (S5), determination of syn-
chronous measurement (Sa6), and creation of a pair list (Sa7).
Then, a noise event is removed from a light generation signal
of a gamma ray detected by the detector module, and the
organic light generation signal (Sal-1) and the inorganic light
generation signal (Sal-2) based on a true event are selected as
a pair. Here, a description is given of a process content for
respective statuses on the basis of the assumption that a
gamma ray with energy F enters the detector module (S0).

First, in the creation of a T/E memory (Sa3), electric sig-
nals generated by the processing circuits A1 and A2 are
placed in a table as shown in FIG. 22 that is to be stored in a
memory. In the example shown in FIG. 22, the organic light
generation signal (Sal-1) is written into a column of organic
flags, and the inorganic light generation signal (Sal-2) is
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written into a column of inorganic flags in their respective
rows of clock times when the organic light generation signal
(Sal-1) and the inorganic light generation signal (Sal-2) are
generated. The organic light generation signal (Sal-1) and the
inorganic light generation signal (Sal-2) are written as energy
represented by numerical values. The numerical values indi-
cate the relative values of energy.

In the synchronous window scanning (Sa4), scanning is
performed in a window of a predetermined time width 8T in
ascending order of the number of clocks in the T/E memory
table shown in FIG. 22, thereby detecting an energy flag in the
window. This scanning of temporal information is intended to
check if a gamma ray scattered once in an organic scintillator
is detected by an inorganic scintillator. In the scanning, atten-
tion s first focused on an organic flag to detect the organic flag
at the rear end of the aforementioned time width. Then, a
different flag in the window is detected. That is, scanning is
performed to see if a different flag is present within the time
dT after the organic flag. If such a different flag is detected,
the energy value of each flag is read. Then, a status goes to the
E check (Sa5) in a subsequent step.

A status in the E check (Sa5) is to check up data in order to
select a pair of signals (TRUE signals) generated from the
same gamma ray and on the basis of a true event from the
organic light generation signal (Sa-1) and the inorganic light
generation signal (Sa-2) by using energy information. Here, a
sum of organic energy E-1 and inorganic energy E-2 is
obtained. Then, a check is made to see if the sum falls within
a range of error (x3E) of the energy (E) of the gamma ray
having entered the detector module. In FI1G. 22, E+3E is set to
100+3 to determine a candidate for TRUE. If the sum falls
within the range of energy, a status goes to the determination
of synchronous measurement (Saé). In FIG. 22, synchronous
scanning windows 10002, 10006, 10011, and 10014 become
TRUE signals. A sum of energy of organic and inorganic flags
exceeds 100+3 in a synchronous scanning window 10018.
Thus, the synchronous scanning window 10018 is treated
simply as a FALSE signal, namely as a noise. However, if the
number of events of TRUE signals is small, the clock, the
predetermined time 3T, and the error OE of energy may be
reset and analyzed again even for the FALSE signal in the
synchronous scanning window 10018, thereby obtaining a
TRUE signal.

A status in the determination of synchronous measurement
(Sa6) is to make a determination that the organic light gen-
eration signal (Sal-1) and the inorganic light generation sig-
nal (Sal-2) are signals as a pair generated from the same
gamma ray and on the basis of a true event. This determina-
tion is made based on information about time and energy
checked up in the synchronous window scanning (Sa4) and in
the E check (Sa5). After the determination is made, data of the
signals as a pair is transferred to a status in the creation of a
pair list (Sa7) in a subsequent step where a list of TRUE data
is created.

The status in the creation of a pair list (Sa7) is to count the
number of true events, and place information containing
event numbers, the organic light generation signal (Sa-1), and
the inorganic light generation signal (Sa-2) in a table.

Afterthe series of statuses described above, a true event can
be selected from signals measured in the organic and inor-
ganic scintillators. A status proceeds to the synchronous win-
dow scanning (Sad), and then the E check (Sa5) in the flow
chart of FIG. 20. However, the synchronous measuring tech-
nique is also applicable if these statues are performed in
reverse order.

One detector module is used in the foregoing description. If
two detector modules are used, by causing each of the detec-
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tor modules to perform synchronous measurement and add-
ing statuses of simultaneous measuring window scanning
(S9), determination of simultaneous measurement (S10), and
creation of simultaneous measurement list (S11) as shown in
FIG. 21, data can be analyzed with a high degree of accuracy
by using a conventionally known simultaneous measuring
technique or TOF (time-of-flight).

FIG. 23 shows how to make a determination of whether a
signal is based on a true event performed in the statuses
including the synchronous window scanning (Sa4), the F
check (Sa5), the determination of synchronous measurement
(Sa6), and the creation of a pair list (Sa7). A synchronous
scanning window (window) will be described in more detail
below. As described above, the synchronous scanning win-
dow is of the predetermined time width 6T. Scanning is per-
formed in the window in ascending order of the number of
clocks in the table of the T/E memory (Sa3) shown in FIG. 22,
thereby detecting an energy flag in the window.

When a photodetector for an inorganic scintillator and a
photodetector for an organic scintillator start detection, scan-
ning is started in the synchronous scanning window along the
time axis (Sc-1). Organic detecting energy (standard organic
detecting energy) is detected (Sc-3) when a flag of the organic
detecting energy is detected. The detected value is compared
with the energy of a gamma ray emitted from within a body
(called standard energy), for example, of 511 keV (Sc-4). If
the detected value is greater (Sc-5), the detected value is
determined as a noise (Sc-9). If the detected value is not
greater, the detected value is determined as a noise (Sc-9) on
condition that there are two or more flags of organic detecting
energy in the synchronous scanning window (Sc-6) immedi-
ately before the organic detecting energy passes through the
synchronous scanning window. If there is one flag, total
energy in the synchronous scanning window is obtained. If
the total value does not fall within the range of the standard
energy, the detected value is determined as a noise (Sc-7). If
the total value falls within the range, the detected value is
determined as a signal based on a true event (Sc-8). Then, the
standard organic detecting energy and the inorganic detecting
energy counted in the step (Sc-6) are written as a pair into a
pair list in a subsequent status (Sc-10).

The characteristics of the invention in terms of the hard-
ware of a detector are described next.

1. Enhancement of Detection Efficiency of Radiation Diag-
nostic Device by Realizing High Sensitivity (S/N)
1-1. Realization of High Sensitivity

Reducing a background to a minimum possible level is an
important key to realization of high sensitivity (S/N). A main
background N (counts/sec) in a medical diagnostic device
includes the following two. One is an event B, resulting
from Compton scattering in a scintillator. The other is a
simultaneous measuring event B, occurring accidentally.

A background can be expressed by the following formula:

M

N=Bpz+bpr

1-2. Reuse of Compton Scattering Event

Here, the aforementioned backgrounds are reduced as fol-
lows.

In a conventionally employed PET, a noise signal of a
gamma ray resulting from Compton scattering is present in
the energy region of a gamma ray to be measured.

A background event resulting from this Compton scatter-
ing can be expressed by the following formula by using the
energy window DE (keV) of a detector. Here, b (counts/sec/
keV) is a background number in the energy window resulting
from the Compton scattering:

Bpz=DExb )
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1-3. Measurement of Gamma Ray by Using Organic and
Inorganic Scintillators

In order to reduce b, a scintillator of a detector is provided
in a module of the following configuration.

Organic and inorganic scintillators, and a photodetector are
prepared to form a single module. A gamma ray emitted from
within a target of measurement is measured in a two-way
process by the organic and inorganic scintillators.

First, the organic scintillator detects Compton electrons.
Next, the inorganic scintillator detects a Compton gamma ray.
Energy obtained by the two scintillators is added together,
and a peak of the gamma ray is established, thereby realizing
detection.

The foregoing configuration makes b substantially zero.
Thus, a noise resulting from the Compton scattering has
substantially no influence in the energy region of the gamma
ray.

1-4. Removal of Accidental Event

A photodetector module includes a scintillator, and a pro-
cessor in a subsequent stage.

A background event occurring accidentally can be
expressed as follows by using the detection window (time
width) AT (sec) of the detector module. In the following, N1
(counts/sec) and N2 (counts/sec) indicate detection rates of a
gamma ray by two scintillators.

Bp=2xDTxNxN, 3)

Accordingly, the characteristics of an organic scintillator
are utilized. The time response of an organic scintillator is
faster than the response function of an inorganic scintillator
on the order of several digits (Y/1000). By setting a detection
window DT used for detecting a gamma ray short according
to the characteristics of an organic scintillator, an accidentally
occurring background event is reduced on the order of several
digits, compared to conventionally used diagnostic devices.

An S/N ratio can be expressed by the following formula:

s s
N~ 2AT-N,-N,+AE-b

)
]7 =

Thus, a high-sensitivity S/N ratio is realized by reducing
AT and b that constitute B.

2. Enhancement of Resolution of Radiation Diagnostic
Device by Realizing High Resolution
2-1. High-Performance TOF Diagnostic Device

An organic scintillator has been used as a TOF detector in
various experimental units. An inorganic scintillator of slow
time response has been mainly used in the conventionally
employed PET, making it difficult to put TOF PET to practical
use.

In contrast, a hybrid diagnostic device of the invention with
organic and inorganic scintillators makes use of fast time
response that constitutes the characteristics of an organic
scintillator, thereby allowing TOF PET to be put to practical
use.

2-2. Realization of High-Energy Resolution

Energy resolution at the time of reconstruction of a gamma
ray is always between energy resolutions of inorganic and
organic scintillators. Accordingly, energy resolution O at the
time of reconstruction of a gamma ray can be expressed by the
following formula:

E=E re+Epuorg

®

Ozzz(EOrg/EZ)zonrg-"{(EZ_Eorg)/ Ez}zozlnorg (6)

= =<
Crorg=05=00,g

M

20

25

30

35

40

45

50

55

60

65

where Ey is Fhe energy ofa re.const.ru.cted gamma ray, BEo,g 18
energy obtained in an organic scintillator, B, is energy

obtained in an inorganic scintillator, 0y, is the energy reso-
lution of the organic scintillator, and oy,,,, is the energy
resolution of the inorganic scintillator.

As described above, by combining the two scintillators,
energy resolution comparable to that of an inorganic scintil-
lator is obtained at the time of reconstruction.

Itis assumed, for example, that a plastic scintillator is used
as an organic scintillator, and Nal is used as an inorganic
scintillator. In this case, energy resolution of about 7.5%
(FWHM) is obtained for a 662 keV gamma ray (whereas in
the case of BGO used in the conventional PET, energy reso-
Iution is about 17% (FWHM)).

2-3. Realization of High Spatial Resolution

Many places of the world compete against one another for
pixilation of an inorganic scintillator in order to realize high
spatial resolution. However, due to high density of a consti-
tutive substance of an inorganic scintillator, a gamma ray
having entered the inorganic scintillator causes multiple scat-
tering in the scintillator, thereby generating a large number of
fluorescent light sources in the scintillator. A fluorescent light
source should be evaluated correctly in order to obtain high
spatial resolution. However, while a large number of fluores-
cent light sources are generated within a short distance
(within some millimeters), a large mass number of the inor-
ganic scintillator negatively functions to make the fluorescent
light sources look as if they were a single light source. This
leads to degradation of spatial resolution.

In view of'this, the characteristics of an organic scintillator
are utilized in the invention. As a result of low density of a
constitutive substance of an organic scintillator, a gamma ray
having entered the organic scintillator is very unlikely to
generate multiple scattering in the scintillator. Accordingly,
not many fluorescent light sources are generated in the scin-
tillator. Further, scintillation light generated in the scintillator
has a very low attenuation factor. This allows the three-di-
mensional coordinates of an interaction point of a gamma ray
in the scintillator to be obtained accurately by using a distri-
bution of scintillation light obtained by measurement.

3. Cost Reduction of Detector Module and its Processor

A detector is formed utilizing an organic scintillator as a
basis. This allows significant cost reduction compared to a
conventionally used detector module formed utilizing an
inorganic scintillator as a basis.

It is assumed that a photodetector for obtaining a distribu-
tion of light generation in the direction of the X axis, and a
photodetector for obtaining a distribution of light generation
in the direction of the Y axis above a light extraction surface
(XY plane) of a scintillator are provided on the light extrac-
tion surface, and that these photodetectors are arranged to
optically face the light extraction surface. In this case, a
position at which fluorescent light is generated in a scintilla-
tor can be detected on the basis of a fluorescence distribution
analysis technique of the invention. This takes advantage of
the fact that, while light is not generated at a position imme-
diately above a detector, conical projection of generated light
onto the light extraction surface of the scintillator allows a
detector (not optically facing detector) to detect the light,
even if the detector does not exist at a position directly below
the position of the generated light. This eliminates the need to
provide photo-detecting elements of photodetectors to cover
the light extraction surface of the scintillator in its entirety, in
such a manner that the photo-detecting elements uniformly
and optically face the light extraction surface. Thus, a number



US 8,466,418 B2

9

of detecting elements can be reduced, leading to cost reduc-
tion of a photodetector and speed-up in processing detected
data.

4. Compact Diagnostic Device

Medical diagnostic devices can be developed in a short
period of time by modularizing a detector. A detector module
can be treated as an independent detector, so that evaluation of
the performance of an individual detector module is utilized
in a diagnostic device of a final form. This facilitates energy
calibration and the like of the diagnostic device.

An inorganic scintillator may be provided on a side surface
of an organic scintillator. Scintillation from each scintillator
is collected by a photodetector provided on a light extraction
surface of the scintillator.

Use of an inexpensive, and easy-to-process organic scin-
tillator allows early practical application of medical diagnos-
tic devices and large-scale manufacturing thereof. Further,
incorporating an organic scintillator into a device achieves
sensitivity to alpha rays and beta rays as well as to gamma
rays (X rays). This allows determination of a position of a
substrate deposited on skin or cloth, identification of emitted
radiation particles, measurement of a dosage thereof, and
measurement of collapse time when a radiation incident
occurs to cause emergency exposure. These performances
reduce a time for measuring a radiation ray emitted from a
body. In addition, mental burden of an examinee is minimized
while prompt and adequate diagnosis of the examinee is
provided.

Establishment of a detector by using a hybrid scintillator
not only realizes a technical breakthrough of the detection
efficiency, energy resolution, spatial resolution, and temporal
resolution of a radiation ray, but also provides universality as
basic principles of radiation measurement in various fields
including radiation physics, medical physics, and global envi-
ronment physics.

Modularizing a detector makes it possible to change the
number of modules or the size of a module depending on its
intended use, thereby allowing application to various types of
radiation detectors. Further, applying organic and inorganic
scintillators for use as a scintillator of a detector module
allows detection of alpha rays, beta rays and gamma rays (X
rays). The detector realizes high performance without requir-
ing a collimator. Thus, the foregoing single detector module
can be used as a portable radiation detector.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a sectional view showing a first embodiment of a
detector module according to the present invention.

FIG.2is aplan view illustrating an exemplary arrangement
of photodetectors in the detector module.

FIG. 3 is a perspective view of the same.

FIG. 4 is a cross sectional view showing the overall struc-
ture of a PET device utilizing the detector modules.

FIG. 5 is an enlarged cross sectional view of'a section V of
FIG. 4.

FIG. 6 is a sectional view showing simultaneous measure-
ment of gamma rays in the PET device.

FIG. 7 is an enlarged cross sectional view of a section VII
of FIG. 6.

FIG. 8 is a block diagram for briefly explaining the inven-
tion.

FIG. 9 is a time chart for briefly explaining the invention.

FIG. 10 is a flow diagram for briefly explaining the inven-
tion.

FIG. 11 is a sectional view for briefly explaining energy
analysis.
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FIG.12(A) shows light propagation, and FIG. 12(B) shows
a solid angle from a light source in a method of obtaining
interactive coordinates by using a scintillation distribution.

FIG. 13(A) shows calculation of two-dimensional coordi-
nates, and FIG. 13(B) shows calculation of three-dimensional
coordinates for explaining a fluorescence distribution analy-
sis technique in spatial analysis.

FIG. 14 is a cross sectional view for briefly explaining
temporal analysis.

FIG. 15is an enlarged cross sectional view of a section XV
of FIG. 14.

FIG. 16 is a cross sectional view for briefly explaining
spatial analysis.

FIG. 17 is a cross sectional view showing a second embodi-
ment of a detector module according to the present invention.

FIG. 18 is a cross sectional view showing a third embodi-
ment of the same.

FIG. 19 is a cross sectional view showing a fourth embodi-
ment of the same.

FIG. 20 is a flow chart for briefly explaining a synchronous
measuring technique.

FIG. 21 is a flow chart for explaining an application of the
synchronous measuring technique.

FIG. 22 is a data table used in the synchronous measuring
technique.

FIG. 23 is a simple example of the synchronous measuring
technique.

BEST MODES FOR CARRYING OUT
INVENTION

Embodiments of the invention are described in detail with
reference to drawings.

As shown in FIG. 1, a detector module 10 of a first embodi-
ment of a gamma ray detector according to the present inven-
tion includes: an organic scintillator 12 for detecting Comp-
ton electrons resulting from a gamma ray emitted from a
radionuclide 8 in a target of measurement 6; inorganic scin-
tillators 14 for detecting a Compton gamma ray; photodetec-
tors 16 and 18 such as PMT's and semiconductor detectors, for
detecting light generation in the scintillators 12 and 14; and an
operation unit 20. The operation unit 20 adds the absorbed
amounts of energy of gamma rays synchronously measured in
the two types of scintillators 12 and 14 to reconstruct gamma
rays emitted from the target of measurement 6. The operation
unit 20 also determines an arrival time by using Compton
electrons absorbed in the organic scintillator 12.

The size of the detector module 10 can be changed to
conform to the energy of a radiation ray to be measured.

Examples of the organic scintillator 12 include a plastic
scintillators and p-terphenyl.

Examples of the inorganic scintillators 14 include BGO,
GSO, Nal (T1), GaF2 (EU), CsI (T]), CsI (pure), and BaF2.

The photodetector 16 for the organic scintillator 12 can be
configured such that a photo-detecting section of the photo-
detector optically faces part ofa light extraction surface of the
organic scintillator 12. A photodetector for obtaining a distri-
bution of light generation in the X direction based on a fluo-
rescence distribution analysis technique, and a photodetector
for obtaining a distribution of light generation in the Y direc-
tion based on the fluorescence distribution analyzing tech-
nique, can be provided on the optically facing part. More
specifically, as exemplified in FIG. 2 (plan view) and FIG. 3
(perspective view), a photo-detecting section 163 of the pho-
todetector 16 can be arranged along the X and Y central axes
of the light extraction surface of the organic scintillator 12.
FIG. 3 shows how a photo-detecting section 161 extending in
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the X direction and a photo-detecting section 162 extending
in the Y direction detect a position 121 at which fluorescent
light is generated. The position 121 is defined above a posi-
tion of the light extraction surface (in the Z direction) of the
organic scintillator 12 that does not optically face the photo-
detecting section of the photodetector 16. A photo-detecting
section is shared at an intersection between the X and Y
directions. As a matter of course, a photo-detecting section
may be provided to cover the light extraction surface in its
entirety. In FIG. 3, curves 163 and 164 show a distribution of
the amount of light 121 at height Z detected by the photo-
detecting section 161 in the X direction, and a distribution of
the amount of light 121 at height Z detected by the photo-
detecting section 162 in the Y direction, respectively.

As exemplified in FIG. 4 (general cross sectional view) and
FIG. 5 (enlarged view of a section V of FIG. 4), a diagnostic
device (such as a PET device) or a detector is formed by
placing a large number of detector modules 10 to surround the
target of measurement 6 (person or object). The PET device
shown in FIG. 4 simultaneously measures two 511 keV
gamma rays emitted from an internal body. Therefore, as
shown in FIG. 6 (general view) and FIG. 7 (enlarged view of
a section VII), two detector modules as a pair opposite each
other are used, and each module detects one 511 keV gamma
ray.

An analyzing method employed when the invention is
applied to a PET device is briefly described first by using
FIGS. 8 and 9. The analyzing method is thereafter described
in detail by using the flow chart of FIG. 10.

In FIG. 8, a detector module A includes an organic scintil-
lator 12 A, two inorganic scintillators 14A, and photoelectric
converters 16 A and 18A for photoelectric conversion of light
generation in the corresponding scintillator. In this example,
two photoelectric converters 16 A are optically coupled to the
organic scintillator 12A, and the photoelectric converters 18A
are each optically coupled to a corresponding one of the
inorganic scintillators 14A. Light generated in a scintillator is
photoelectrically converted, and is then given to a subsequent
stage.

A processing circuit Al performs A/D conversion of out-
puts from the photoelectric converters 16A in a former stage.
A processing circuit A2 performs A/D conversion of outputs
from the photoelectric converters 18A in a former stage.
Resultant temporal information (T information) and energy
information (E information) are separated, and then given to
a subsequent stage.

The temporal information is obtained by detecting the ris-
ing edge of a signal given upon generation of light in each of
the organic scintillator 12A and the inorganic scintillators
14 A, and defining each rising edge as a time of light genera-
tion. Resultant information is given to a subsequent stage. As
shown in FIG. 9(A), when receiving an input from the organic
scintillator 12A, the processing circuit A1 generates a short-
time window ATSW of a very short predetermined time width
appropriate to the time width of corresponding light genera-
tion, and outputs the same to a subsequent stage. The process-
ing circuit A2 generates a long-time window ATLW of a
relatively long predetermined time width appropriate to the
time width of light generation in the inorganic scintillator, and
outputs the same to a subsequent stage. Energy information
between these two types of time widths is also given to a
subsequent stage.

Based on temporal information given from two circuits in
a former stage including the processing circuits A2 and Al, a
synchronous measuring circuit A checks to see if both times
of light generation fall within a synchronous measuring win-
dow, thereby making a determination of synchronous mea-
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surement. More specifically, the synchronous measuring cir-
cuit A searches for a pair. The pair is such that a difference in
time of outputs from the two processing circuits has been
given to a synchronous measuring window of a predeter-
mined time width. If such a pair is detected, the synchronous
measuring circuit A determines that outputs from the pair are
given on the basis of the same event, and makes a determina-
tion of synchronous measurement with the outputs from this
pair. Then, the synchronous measuring circuit A calculates a
time when an event was generated, namely a synchronous
measuring time, on the basis of which the outputs from the
pair was determined as synchronous measurement, and out-
puts the calculated synchronous measuring time to a subse-
quent stage.

The same process is performed for a detector module B.

Based on energy information given from two processing
circuits including the processing circuits A2 and Al in a
former stage, and based on temporal information given from
a simultaneous measuring circuit AB, an operation circuit A
performs energy analysis, spatial analysis, and temporal
analysis described later to determine the position of a radio-
nuclide.

Each processing circuit, each synchronous measuring cir-
cuit, each operation circuit, the simultaneous measuring cir-
cuit AB, and the operation circuit AB are provided in the
operation unit 20.

The analyzing method of the invention is described next by
using the flow chart shown in FIG. 10. A detector module A
(B) includes the organic scintillator 12A (B), the inorganic
scintillators 14A (B), and the photoelectric converters 16 A
(B) and 18A shown in FIG. 8. When gamma rays emitted
from a radionuclide enter the detector modules A and B (S0),
lights are generated in the organic scintillator 12A (B) and the
inorganic scintillators 14A (B). Next, the lights are converted
by the photoelectric converters 16 A (B) and 18 A to an organic
light generation signal (Sal-1), an inorganic light generation
signal (Sal-2), an organic light generation signal (Sb1-1), and
an inorganic light generation signal (Sb1-2). The light gen-
eration signals thereby generated are given to their post-stage
processing circuits A1, A2, B1, and B2.

The processing circuits A1 (B1) and A2 (B2) are respon-
sible for A/D conversion of input light generation signals. The
processing circuit Al (B1) generates a signal of a very short
time width ATSW appropriate to the time width of light
generation of the organic scintillator 12A (12B). The process-
ing circuit A2 (B2) generates a signal of a time width ATLW
appropriate to the time width of light generation of the inor-
ganic scintillator 14A (14B). Temporal information (T infor-
mation) obtained as a result of these A/D conversions is given
to its corresponding post-stage synchronous measuring cir-
cuit A (B). Energy information (E information) obtained as a
result of these A/D conversions is given to its corresponding
post-stage operation circuit A (B). After the A/D conversions,
each output signal is given an event ID (Sa2-3, Sb2-3). There-
fore, signals can be related to each other in later statuses of the
processing circuits A1, A2, B1, and B2.

Transition of temporal information having branched off
from the processing circuits A1 (B1) and A2 (B2) is described
here. Transition of energy information is described thereafter.
Transition of Temporal Information

The synchronous measuring circuit A (B) makes a deter-
mination of synchronous measurement by using outputs of
the processing circuits Al (B1) and A2 (B2). In this circuit, a
synchronous measuring window of a predetermined time
width is created first on the basis of the rising edge of a signal
ATSW output from the processing circuit A1 (B1) as shownin
FIG. 9(A). Next, the synchronous measuring circuit A (B)
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makes a check to see if the rising edge of a signal ATLW
output from the processing circuit A2 (B2) falls within the
created synchronous measuring window. If the rising edge of
the signal ATLW {falls within the synchronous measuring
window, the synchronous measuring circuit A (B) makes a
determination of synchronous measurement. A detection
window ATW as a synchronously measured flag is given as a
result of the measurement to a subsequent stage. Temporal
information about the signals ATSW and ATLW having
reached the synchronous measuring circuit A (B) are also
given to the subsequent stage.

Next, it is described how the performance of simultaneous
measurement used ina PET device and the like is enhanced by
using the detection window ATW created by the simultaneous
measuring circuit A (B) when a determination of simulta-
neous measurement is made. As described above, in simulta-
neous measurement, a narrower detection window reduces
noise events, thereby enhancing detection efficiency.

A conventional PET device such as the one disclosed in a
publication (Japanese Patent Application Laid-Open No.
2007-71858 A (Shimadzu Cooperation), Mar. 22, 2007) uses
an inorganic scintillator. Accordingly, in this case, the signal
ATLW is applied as the detection window ATW. In contrast,
use of the detector module of the invention with the organic
scintillator 12A (12B) and the inorganic scintillators 14A
(14B) eliminates the need to apply the signal ATLW ofalong
time width as the detection window ATW by employing a
synchronous measuring technique.

As shown in FIG. 9(B), the signals ATSW and ATLW
generally overlap each other. In synchronous measurement,
an overlapping time width is set to the detection window
ATW. If the signals ATSW and ATLW do not overlap each
other as shown in FIG. 9(C), the signal ATSW of a shorter
time width may be set as the detection window ATW.

In the case of a detector with only an organic scintillator,
the signal ATSW is applied as a detection window. Accord-
ingly, the detection window is short in terms only of temporal
information. However, this detector is not suitably applied for
detecting a gamma ray for the reason mentioned above. In
contrast, use of the detector module of the invention with the
organic scintillator 12A (12B) and the inorganic scintillators
14A (14B) realizes the detection window ATW shorter than
the signal ATSW as shown in FIG. 9(B), while realizing
effective detection of a gamma ray.

The simultaneous measuring circuit AB performs simulta-
neous measurement by using output signals from the syn-
chronous measuring circuits A and B. ATWs set in FIGS. 9(B)
and 9(C) used in this simultaneous measurement are both
smaller by several digits than ATW that is set in a conven-
tional PET device such as the one disclosed in a publication
(Japanese Patent Application Laid-Open No. 2007-71858 A
(Shimadzu Cooperation), Mar. 22, 2007). Accordingly, appli-
cation of the invention to a PET device and the like enhances
measurement accuracy in simultaneous measurement, effec-
tively removes an accidental background event, and enhances
the performance of the device. This constitutes one of the
distinguishing features of the invention.

The simultaneous measuring circuit AB calculates a mea-
suring time based on detection windows output from the
synchronous measuring circuits A and B. If these detection
windows are defined according to the same standard, a mea-
surement time is accurately calculated. More specifically, the
standard may be the rising edge and the center of a detection
window, and others.

Transition of Energy Information

Transition of energy information having branched off from

the processing circuits Al (B1) and A2 (B2) is described
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below. The operation circuit A (B) adds energy in the interval
of the signal ATSW output from the processing circuit Al
(B1), and energy in the interval of the signal ATLW output
from the processing circuit A2 (B2). The operation circuit A
(B) performs energy analysis using this addition, thereby
reconstructing the energy of the gamma rays having entered
the detector module (S0). As a result, the position of the
radionuclide 8 is limited to that in a belt-shaped region I as
shown in FIG. 11.

More specifically, when energy information about the time
width of the short-time window ATSW is received from the
processing circuit Al, received energy is added up (Sa8).
When energy information about the time width of the long-
time window ATLW is received from the processing circuit
A2, the received energy is added up (Sa9). Then, by referring
to an ID number given in status (Sa2-3), only data for which
a determination of synchronous measurement is made in sta-
tus 4 is selected, and two energy is added, thereby obtaining
total energy (Sal0). Next, based on the total energy informa-
tion thereby obtained, a position of light generation (position
P) in a scintillator is calculated (Sall) by using a spatial
analysis technique described later.

Next, association with simultaneous measuring informa-
tion is still established in status (S14), thereby creating a list
including a time of light generation (T), energy (E), and a
position of light generation (P) in order of an event ID number
of simultaneous measurement (S14).

In this energy analysis technique, a signal resulting from
Compton scattering that has been regarded as a noise is
treated as a true signal. Accordingly, influence of a noise
resulting from Compton scattering is not required to be con-
sidered in an energy region of a gamma ray to be measured.

Next, spatial analysis is performed in status (S15) to obtain
the coordinates of an interaction point of a gamma ray in each
of the organic scintillators 12A and 12B by using a scintilla-
tion distribution obtained by the photodetector 16 connected
to the organic scintillator 12.

A technique of obtaining the coordinates of an interaction
point of a gamma ray during spatial analysis used in status
(S15) is described in detail below.

The centroid technique has conventionally been employed
to determine a light source 32 of a fluorescent plate 30 shown
in FIG. 12. According to the centroid technique, a center of
gravity is obtained from a ratio of light amounts between
photodetectors (photomultiplier tubes, for example) placed
on the right and left sides of the fluorescent plate 30, thereby
calculating a position. However, this technique only makes it
possible to determine the “relative position” of a light source
(to determine which one of the right and left photodetectors
generates fluorescent light). Unlike this conventional way, a
fluorescence distribution analysis technique described next is
a new analysis technique of directly obtaining the absolute
position of a light source. This technique offers performance
by using an organic scintillator (such as a plastic scintillator
and a p-terphenyl) composed of molecules of a small mass
number such as carbon and hydrogen. Light generated in the
fluorescent plate 30 is uniformly emitted in all directions as
shown in FIG. 12(A). Then, as shown in FIG. 12(B), the
emitted light reaches a side surface after repeating total
reflection at a front surface of the fluorescent plate 30. Light
is absorbed very little in an organic scintillator during its
propagation as a result of a small mass number of the organic
scintillator. Thus, a distribution of the amount of light
obtained at the side surface can be described as the solid angle
of light when it is emitted. (This technique is applicable to an
inorganic scintillator of a large mass number. However, this
case requires calculation in consideration of an element of
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influence of light absorption during light propagation, or
influence of density distribution in a fluorescent plate.
Accordingly, calculation cannot be made only with a solid
angle.)

Here, in order to obtain a distribution of the amount of
light, a plurality of photodetectors (such as photomultiplier
tubes, multianode photomultiplier tubes with a plurality of
cells, and semiconductor photodetectors) are arranged in a
line on the side surface as shown in FIG. 12(B).

The solid angle Q, of a photodetector as viewed from a light
source, which has an area with a radius r and which is placed
at some side surface (here, photodetectors i include first to
eighth photodetectors spaced a distance d), is expressed by
the following formula:

Q(rxy) 4> ®)

Here, i represents the number of a photodetector, x, represents
a distance along the x axis between the light source and an i”*
photodetector, and y represents a distance between the light
source and a side surface on which a photodetector is placed.

What is important here is that y is constant in obtaining
solid angles of photodetectors placed on the same surface,
irrespective of the location (i=1 to 8) of the photodetectors.
Further, %, is expressed by the following formula by using the
distance x; between the light source and a photodetector (i=1),
and the distance d between photodetectors:

x;=x,—dx(i-1) ()]

In the case of an organic scintillator of a small mass num-

ber, the amount of light Pi measured by a photodetector (i) is
described by a solid angle as expressed as follows:

PoQ=AxQ, 10)

Here, A is a constant of proportionality.

A distribution of the amount of light obtained at the side
surface is expressed by three variables (A, X;, y) by combining
formulas (8), (9) and (10) together.

Pi=Ax(@r?xy) ({x-dx(i-1)}2+y%)>? an

The absolute position (x,, y) of fluorescent light can be
obtained by fitting formula (11) to a distribution of the
amount of light Pi that is actually obtained at a photodetector
(i=1 to 8).

Two-dimensional coordinates (X direction) can be calcu-
lated as shown in FIG. 13(A) by using this technique. Infor-
mation in the Z direction is also obtained if a fluorescent plate
is viewed from a group of photodetectors arranged in several
layers (in the figure, two layers in a direction of height) that
are optically opposite the fluorescent plate.

Then, the coordinates of an interaction point in two sym-
metrically arranged organic scintillators are connected by a
line. As a result, the belt-shaped region I shown in FIG. 11
specified only by energy information can be specified to the
line of a linear region I shown in FIG. 14 (general view) and
FIG. 15 (enlarged view of a section XV).

In contrast, in the conventional technique, this line is
obtained by Fourier analysis. This means that analysis takes a
long time, so that a result of diagnosis does not come out on
the day of testing in many cases. According to the present
invention, a line is obtained even during measurement with-
out any difficult analysis. Thus, a time for analysis is consid-
erably reduced, and a result of diagnosis comes out on the
same day, thereby easing examinee’s anxiety.

Further, as the emission angle of a gamma ray is known,
there is no need to provide a collimator required in conven-
tional PET systems. Thus, a PET system is allowed to be
considerably reduced in weight.
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Next, temporal analysis is performed on the basis of TOF
principles in status (S16). Then, a flight distance is narrowed
down by using a difference between arrival times (times of
flight) I and II of gamma rays at two opposite organic scin-
tillators as shown in FIG. 16. Thus, the position of the radio-
nuclide 8 is specified in the linear region II obtained from
energy and spatial information (S17). A program shown in
FIG. 10 can be stored in a computer-readable recording
medium such as a hard disk and a ROM.

The region [ may also be specified to the line of the region
11 in the following way. In this way, the processes in statuses
(Sall) and (Sa12) shown in FIG. 10 are replaced by analysis
by using Fourier conversion as in the conventional technique.

Or, after the limitation to the region I, a distance from an
organic scintillator to a target of measurement may be
obtained by using a TOF analysis technique.

Conventionally used PET devices try to conduct TOF with
an inorganic scintillator of slow time response. In contrast,
introducing an organic scintillator of fast time response
allows TOF to be putto practical use in PET devices. A rate of
removal of an accidentally generated noise signal is propor-
tional to the time width of the foregoing detection window. A
noise signal is removed for the considerably reduced time
width of the detection window AT, compared to that of a
conventionally used inorganic scintillator. That is, measure-
ment at a high S/N ratio is realized.

A module of a rectangular parallelepiped is used in the
foregoing embodiment. In a second embodiment shown in
FIG. 17, the inorganic scintillators 14 of a wedge shape may
be arranged in a circle as shown in FIG. 4. In this case, the
sharp ends of the wedges point to a target of measurement.
The present embodiment allows a module to be effectively
arranged in a PET device and the like. Further, the organic
scintillators 12 may have a trapezoidal shape.

In both of the embodiments described above, the inorganic
scintillators 14 are arranged on opposite sides of the organic
scintillator 12. However, as in a third embodiment shown in
FIG. 18, the inorganic scintillator 14 may be placed only on
one side of the organic scintillator 12. Further, as in a fourth
embodiment shown in FIG. 19, the inorganic scintillators 14
may be disposed to extend halfway along the organic scintil-
lator 12.

The PET device shown in FIG. 10 is used as an example in
the foregoing description. However, the applicability of the
invention is not limited to the PET device. The invention is
also applicable to an SPECT device part of which is sur-
rounded by dashed lines in FIG. 10, other tomography
devices, other radiation diagnostic devices, and the like.

In order to introduce more scintillation light into a photo-
detector, each of the organic and inorganic scintillators 12 and
14 may be covered with a reflector.

Industrial Applicability

A gamma ray detector capable of realizing super-sensitiv-
ity at low cost without using a collimator, a radiation diag-
nostic device using the gamma ray detector, a tomography
device such as a PET and an SPECT, and a method of ana-
lyzing the tomography device can be realized.

The invention claimed is:

1. A gamma ray detector for detecting a gamma ray emitted
from a target of measurement, comprising:

an organic scintillator for detecting Compton electrons

resulting from a gamma ray emitted from the target of
measurement;

an inorganic scintillator for detecting a Compton gamma

ray; and

photodetectors for detecting light generation in the corre-

sponding scintillators, wherein
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the gamma ray detector performs synchronous measure-
ment to select a pair according to a same event by using
atime and energy detected by each of the photodetectors
on the basis of light generation in the organic scintillator
and the inorganic scintillator, and

an interval of a detection window to be generated is

changed between when a very short short-time window
appropriate to a time width of light generation in the
organic scintillator and a relatively long long-time win-
dow appropriate to a time width of light generation in the
inorganic scintillator overlap each other, and when they
do not overlap each other, so as to enhance measurement
accuracy.

2. The gamma ray detector according to claim 1, wherein if
the detector modules are provided as a pair, the detector
modules each perform synchronous measurement, thereby
enhancing performance of noise removal.

3. The gamma ray detector according to claim 2, wherein a
detection window of a gamma ray when a determination of
synchronous measurement is made is employed as a standard
of a detected time of light generation in the organic scintilla-
tor.

4. The gamma ray detector according to claim 1, wherein if
the very short short-time window appropriate to the time
width of light generation in the organic scintillator and the
relatively long long-time window appropriate to the time
width of light generation in the inorganic scintillator overlap
each other, an overlapping interval is defined as a detection
window, and is employed as a standard of a detected time.

5. The gamma ray detector according to claim 1, wherein if
the very short short-time window appropriate to the time
width of light generation in the organic scintillator and the
relatively long long-time window appropriate to the time
width of light generation in the inorganic scintillator do not
overlap each other, the very short short-time window appro-
priate to the time width of light generation in the organic
scintillator is defined as a detection window, and is employed
as a standard of a detected time.

6. The gamma ray detector according to claim 1, wherein
anaccuracy of atime measured in simultaneous measurement
is enhanced by measuring the time on the basis of the syn-
chronous measuring window.

7. The gamma ray detector according to claim 1, wherein
gamma rays emitted from the target of measurement are
reconstructed by adding absorbed amounts of energy of the
gamma rays synchronously measured in the two types of
scintillators.

8. The gamma ray detector according to claim 1, wherein a
region of emission from the target of measurement is limited
by arranging the detector modules as a pair to place the target
of measurement therebetween, and by making each of the
detector modules reconstruct a gamma ray.

9. A gamma ray detector, wherein the region of emission
limited in claim 8 is specified to a line by a position of
emission from the target of measurement is specified to that
on the line without performing Fourier conversion by arrang-
ing the detector modules as a pair to place the target of
measurement therebetween, and by connecting positions by
the line where gamma rays are generated in the corresponding
organic scintillators.

10. The gamma ray detector according to claim 9, wherein
a time of flight is analyzed by using respective outputs from
the detector modules as a pair.

11. A gamma ray detector, wherein a distance from the
organic scintillator to the target of measurement is deter-
mined in the region of emission limited in claim 8 by analyz-
ing a time of flight.
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12. The gamma ray detector according to claim 1, wherein
a position of emission from the target of measurement is
specified to that on a line without performing Fourier conver-
sion by arranging the detector modules as a pair to place the
target of measurement therebetween, and by connecting posi-
tions by the line where gamma rays are generated in the
corresponding organic scintillators.

13. The gamma ray detector according to claim 1, wherein
the inorganic scintillator is arranged on a side surface of the
organic scintillator.

14. The gamma ray detector according to claim 13, wherein
the inorganic scintillator has a wedge shape with a sharp edge
pointing to the target of measurement.

15. The gamma ray detector according to claim 1, wherein
the photodetector is arranged such that a photo-detecting
section of the photodetector optically faces part of a light
extraction surface of the scintillator, and wherein a photode-
tector for obtaining a distribution of light generation in an X
direction based on a fluorescence distribution analysis tech-
nique, and a photodetector for obtaining a distribution of light
generation in a'Y direction based on the fluorescence distri-
bution analyzing technique, are provided on the optically
facing part.

16. The gamma ray detector according to claim 15, wherein
the photodetectors are arranged along X and Y central axes of
the light extraction surface of the scintillator.

17. The gamma ray detector according to claim 1, wherein
data obtained by simultaneous measurement of a synchro-
nously measured event is constructed into an image without
performing Fourier conversion, so as to reduce time for image
formation and enhance image accuracy.

18. The gamma ray detector according to claim 1, wherein
the gamma ray detector is employed as a single detector
module.

19. The gamma ray detector according to claim 18, wherein
the gamma ray detector is employed as a detector for an
SPECT device.

20. The gamma ray detector according to claim 1, wherein
the gamma ray detector is employed as a detector for a PET
device.

21. A radiation diagnostic device comprising the gamma
ray detector according to claim 1, the gamma ray detector
arranged around a target of measurement.

22. A tomography device comprising the gamma ray detec-
tors according to claim 1, the gamma ray detectors arranged
as a pair in order to detect annihilation gamma rays as a pair
emitted in opposite directions from a target of measurement.

23. The tomography device according to claim 22, for
analyzing times of flight by using outputs from the gamma ray
detectors as a pair.

24. A method of analyzing a tomography device, the
method being performed on the tomography device accord-
ing to claim 22, the method comprising:

a step of identifying energy in a detection window of a
gamma ray suitable for characteristics of the organic
scintillator;

a step of identifying a gamma ray by using a sum of energy
of the organic scintillator and the inorganic scintillator;

a step of calculating fluorescent coordinates in the organic
scintillator by using a scintillation distribution of the
organic scintillator;

a step of specifying a region specified only by energy
information to a line by connecting fluorescent coordi-
nates in the two organic scintillators as a pair by a line;
and
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a step of specifying three-dimensional coordinates of a
radionuclide on the line by using a difference between
arrival times of gamma rays at the two organic scintilla-
tors as a pait.

25. A computer program readable from a recording
medium, for causing a computer to execute the method of
analyzing a topography device according to claim 24.

26. A computer-readable recording medium that stores the
computer program according to claim 25.

27. A gamma ray detector for detecting a gamma ray emit-
ted from a target of measurement, comprising:

an organic scintillator for detecting Compton electrons
resulting from a gamma ray emitted from the target of
measurement:

an inorganic scintillator for detecting a Compton gamma
ray; and

photodetectors for detecting light generation in the corre-
sponding scintillators, wherein

a time and energy detected by the photodetector for the
inorganic scintillator, and those detected by the photo-

20

detector for the organic scintillator are scanned along a
time axis within a synchronous scanning window of a
predetermined time interval, and wherein a flag in the
synchronous scanning window is detected immediately
before the synchronous scanning window passes
through an organic flag.

28. The gamma ray detector according to claim 27, wherein
a sum of detected energy of all flags in the synchronous
scanning window is obtained immediately before the syn-
chronous scanning window passes through the organic flag,
and wherein if the sum is smaller than a reference level of
emitted energy of a gamma ray, the organic flag is determined
as a noise.

29. The gamma ray detector according to claim 27, wherein
the energy of the organic flag is detected immediately before
the synchronous scanning window passes through the organic
flag, and wherein if the detected energy is greater than a
reference level of emitted energy of a gamma ray, the organic
flag is determined as a noise.
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