US 20110001049A1
a9y United States

a2y Patent Application Publication (10 Pub. No.: US 2011/0001049 A1

Shibuya et al. (43) Pub. Date: Jan. 6, 2011
(54) METHOD FOR DETECTING RADIATION, (86) PCT No.: PCT/JP2008/057035
DEVICE THEREOF, AND POSITRON
EMISSION TOMOGRAPHY SCANNER § 371 (©)(),
(2), (4) Date: Aug. 25,2010
(75) Inventors: Kengo Shibuya, Chiba-shi (JP);
Taiga Yamaya, Chiba-shi (JP); Publication Classification
Naoko Inadama, Chiba-shi (JP);
Lo acama, ot (51) Int.CL
Fumihiko Nishikido, Chiba-shi GOIT 1/20 (2006.01)
(JP); Eiji Yoshida, Chiba-shi (IP); GOIT 1/161 5006.01
Hideo Murayama, Chiba-shi (JP) ( 01)
(52) US.CL .ot 250/362; 250/363.04

Correspondence Address:
OLIFF & BERRIDGE, PLC
P.O. BOX 320850 67 ABSTRACT

ALEXANDRIA, VA 22320-4850 (US
’ Us) A light receiver for detecting incident time is installed on the

(73) Assignee: National Institute of Radiological side of a radiation source of a scintillator (including a Cher-
Sciences, Chiba-shi, Chiba (JP) enkov radiation emitter), and information (energy, incident

time, an incident position, etc.) on radiation made incident

(21) Appl. No.: 12/919,358 into the scintillator is obtained by the output of the light
receiver. Itis, thereby, possible to identify an incident position

(22) PCT Filed: Apr. 9, 2008 and others of radiation into the scintillator at high accuracy.

34 /36

3 2 Processing
circuit / 36

Processing
circuit

PMT

-




Patent Application Publication Jan. 6,2011 Sheet 1 0f 16 US 2011/0001049 A1

Fig. 1

(A) Conventional PET scanner

(B) TOF-PET scanner
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 5
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Fig. 6
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Fig. 7
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Fig. 8
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Fig. 12
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Fig. 15
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METHOD FOR DETECTING RADIATION,
DEVICE THEREOF, AND POSITRON
EMISSION TOMOGRAPHY SCANNER

TECHNICAL FIELD

[0001] The present invention relates to a method for detect-
ing radiation, the device thereof, and a positron emission
tomography scanner. The present invention relates in particu-
lar to a method for detecting radiation which is capable of
obtaining information (energy, incident time, an incident
position, etc.) on radiation made incident into a scintillator
(including a Cherenkov radiation emitter) at high accuracy,
the device thereof and a positron emission tomography scan-
ner which utilizes the device.

BACKGROUND ART

[0002] The positron emission tomography scanner (PET)is
a nuclear-medicine imaging equipment utilizing a positron
emission nuclide, for use in various applications such as
diagnosis of cancers and molecular imaging.

[0003] The positron emission nuclide is an isotope such as
8F which is unstable due to an excessively large number of
protons in an atomic nucleus as compared with a number of
neutrons, having the radioactivity of emitting positrons and
neutrinos in association with f+ decay. The thus emitted
positron, the antimatter of electron, undergoes pair annihila-
tion when colliding with an electron and the mass of the
positrons and electrons is all converted to energy. This energy
is radiated in a form of high-energy electromagnetic waves
which is called annihilation radiation. Because of the law of
conservation of momentum before and after pair annihilation,
mainly two annihilation radiation photons are emitted at the
same time and approximately in the opposite direction.
Strictly speaking, although there is a case where a single
photon or three or more photons are emitted, the percentage is
less than 1% of the total and, therefore, to be negligible in the
PET imaging. Where two photons are emitted, each of the
energies corresponds to the mass of one (positron) electron,
that is, approximately, 511 keV.

[0004] The principle of imaging is the coincidence of anni-
hilation radiation. Where radiation of 511 keV is determined
substantially at the same time by two mutually opposing
radiation detectors, it is most likely that positrons have under-
gone pair annihilation on a straight line connecting these two
radiation detectors. This information is collected, as shown in
FIG. 1(A), by using many radiation detectors 16 arranged
around a scanned substance 10 and reconstructed by a math-
ematical approach similar to that used in an X-ray CT.
Thereby, it is possible to obtain a tomographic image similar
to the distribution of a positron emission nuclide 12 in the test
substance 10. In this drawing, the numeral 18 depicts a bed.
[0005] Therefore, a performance required for the radiation
detector 16 is to determine an incident position, energy and
incident time of the annihilation radiation 14 as accurately as
possible. Here, substantially at the same time means, in gen-
eral, time within 15 nanoseconds (nano is a prefix which
denotes a factor of 10~%), where a radiation detector is able to
determine time more accurately, the time is to be less than 10
nanoseconds or less than 5 nanoseconds. If a time frame
(coincidence time window) for judging incidence of two
annihilation radiation photons to be one annihilation radia-
tion set generated from one pair annihilation, and regard as
being at the same time is shortened, it is less likely that a
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plurality of annihilation radiation photons resulting from dif-
ferent pair annihilation are mistakenly combined. Therefore,
determination accuracy can be enhanced to improve a signal-
to-noise ratio. In addition, the above-described combination
of annihilation radiation photons detected by determining a
time window is referred to as coincidence counting or coin-
cidence.

[0006] It is known that where a capacity of processing an
electric signal from the radiation detector 16 to determine the
incident time of the annihilation radiation 14 is, in general,
less than 1.5 nanoseconds, time-of-flight (TOF) of annihila-
tion radiation is utilized, with the time window kept in a range
which will not cause counting leakage in a correct combina-
tion of annihilation radiation photons, thereby improving a
signal-to-noise ratio in a positron emission tomography
(PET) scanner. For example, where pair annihilation takes
place at the centers of two opposing radiation detectors, two
annihilation radiation photons arrive at the radiation detectors
at the same time. Further, where pair annihilation takes place
at a coordinate (spatial coordinate) closer to one of the radia-
tion detectors, annihilation radiation will arrive earlier at the
closer radiation detector. In other words, a difference between
the arrival time at one radiation detector and that at the other
radiation detector is determined, it is possible to convert the
time difference to a spatial difference between a distance
from a spatial coordinate where pair annihilation takes place
to one radiation detector and a distance from there to the other
radiation detector. In a PET scanner which does not utilize
conventional time-of-flight as shown in FIG. 1(A), informa-
tion obtained from one set of coincidence is a straight line
including a spatial coordinate where pair annihilation is con-
sidered to have taken place. However the use of time-of-flight
makes it possible to narrow down to a certain region on the
straight line like a time-of-flight type PET (TOF-PET) scan-
ner shown in FIG. 1(B). The narrowing-down accuracy is
determined depending on the time resolution of the scanner
concerned. As the determination accuracy is increased, infor-
mation on a position of pair annihilation is increased to result
in enhancement of a signal-to-noise ratio (refer to IEEE
Trans. Nucl. Sci., Vol. 50, No. 5, pp. 1325-1330, 2003, by W.
W. Moses). Therefore, it is preferable that radiation detectors
to be loaded on the TOF-PET have higher time determination
accuracy.

[0007] In addition, where the capacity for determining the
incident time of annihilation radiation is, in general, less than
100 picoseconds all over the scanner (pica is a prefix denoting
a factor of 107'2), not only a signal-to-noise ratio but also the
spatial resolution of a tomographic image is expected to be
enhanced. Technology for enhancing the time resolution of
radiation detectors has been strongly requested.

[0008] The concept of the TOF-PET scanner utilizing dif-
ference of the time-of-flight of annihilation radiation has been
known since the 1980s (refer to IEEE Trans. Nucl. Sci., Vol.
28, No. 6, pp. 4582-4589, 1981 by T. Tomotani). However, at
the technical level at that time, a scintillator and a radiation
detector used as a radiation detecting element as well as a
circuit for processing electric signals from the radiation
detector were insufficient in performance and others, and
therefore no improvement was made in a signal-to-noise
ratio. At the present time, scintillators excellent in response
speed such as LSO (lutetium silicate to which a small quantity
of cerium is added) and LYSO (a mixed crystal of LSO with
yttrium silicate to which a small quantity of cerium is added)
have been developed. Further, a photomultiplier tube (PMT)
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used as a light receiver for detecting scintillation light caused
by interaction with radiation is also improved in time deter-
mination accuracy. Since integrated circuit technologies for
specific uses are also enhanced, it has been confirmed that a
TOF-PET scanner utilizing difference of the time-of-flight of
annihilation radiation is superior to a conventional PET scan-
ner in performance of a signal-to-noise ratio. Therefore, there
is strong demand for a radiation detector more excellent in
time resolution. When the signal-to-noise ratio is enhanced, it
is possible to shorten the time necessary for positron emission
tomography and decrease the dosage of a radiopharmaceuti-
cal to be administered to a subject.

[0009] As shown in FIG. 2, a first error parameter of detec-
tion time is caused by a difference in transfer speed between
annihilation radiation 14 and scintillation light 24 within a
scintillator 22. In the drawing, the numeral 20 depicts a light
receiver such as a photomultiplier tube.

[0010] The flight speed of the annihilation radiation 14 is
equal to light speed ¢ under a vacuum (approximately 300,
000 km per second) either under a vacuum or in a medium. On
the other hand, the scintillation light 24 is approximately
equal to c in flight speed in the atmosphere but reduced in
speed to ¢/n in a scintillator. Here, n denotes a refractive index
of the scintillator and, in general, a value greater than 1.0.
[0011] Since annihilation radiation at 511 keV is greater in
penetration force, a scintillator 22 having the thickness of a
few centimeters is, in general, used for effective detection.
[0012] As shown on the right side in FIG. 2(A), where the
annihilation radiation 14 interacts with the scintillator 22 in
the vicinity of an upper end of the scintillator 22, the scintil-
lation light 24 needs to fly at a long distance inside the scin-
tillator 22 until arriving at the light receiver 20. On the other
hand, as shown on the left side in FIG. 2(A), where it interacts
therewith in the vicinity of a lower end of the scintillator 22,
the scintillation light 24 will fly at a short distance until
arriving at the light receiver 20. In other words, as shown in
FIG. 2(B), apparent detection time is made earlier in a case
where the annihilation radiation 14 flies at a long distance
inside the scintillator 22, with the flight speed ¢ kept, and the
light is converted to the scintillation light 24 with the flight
speed ¢/n immediately before the light receiver 20.

[0013] Here, where in determining one annihilation radia-
tion set respectively by two radiation detectors, scintillation
light is generated in the vicinity of an upper end of a scintil-
lator at one detector and scintillation light is generated in the
vicinity of a lower end of the scintillator at the other detector,
a spatial coordinate of pair annihilation expected by a differ-
ence in the detection time is made closer to the other radiation
detector than in actuality. Therefore, if a difference in the
detection time resulting from a difference in transfer speed
between annihilation radiation and scintillation light in the
scintillator is corrected, it is possible to increase the informa-
tion accuracy of difference of the time of flight. In addition, in
FIG. 2(A), in order to simplify the principle, one scintillation
photon is representatively emitted directly below per annihi-
lation radiation. In actuality, several thousands or tens of
thousands of photons are emitted, and a direction in which
they are emitted is not necessarily limited to being directly
below. Further, since some of the photons are absorbed by a
boundary surface of the scintillator, a reflective material and
others, all the photons do not necessarily arrive at a light
receiver.

[0014] As illustrated in FIG. 3(A) a second error parameter
of detection time is caused by a difference in the distance of a
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channel where the scintillation light 24 is transmitted through
the scintillator 22. The scintillation light 24 is partially made
incident directly into the light receiver 20, however, in gen-
eral, more than half of the photons are reflected more than
once on an upper surface or side surfaces of the scintillator 22
and then made incident into the light receiver 20. For
example, as shown on the right side in FIG. 3(A), the scintil-
lation light 24 that generated in the vicinity of an upper end of
the scintillator 22 and radiated above arrives immediately at
the upper end of the scintillator 22 and goes downward by
being reflected by a reflective material and others covering the
upper surface of the scintillator 22. On the other hand, as
shown on the left side in FIG. 3(A), the scintillation light 24
radiated upward from the vicinity of a lower end of the scin-
tillator 22 flies by a length of the scintillator 22 until being
reflected downward at the upper end of the scintillator 22.
Further, where the scintillation light 24 is emitted, with an
angle kept in a lateral direction, a transmission channel will
change by reflection on side surfaces of a scintillator. Further,
where scintillators are arrayed in all directions two- or three-
dimensionally, reflection or refraction among the scintillators
also allows the transmission channel to change. As the trans-
mission channel is made longer, the scintillation light 24 takes
a longer time accordingly for arriving at the light receiver 20,
and the time for determining the detection of annihilation
radiation is delayed.

[0015] FIG. 3(B) shows a result in which LSO crystals,
each of which measures 1.45 mmx1.45 mmx4.50 mm, are
arrayed in a square shape by 32 piecesx32 pieces, which is
prepared as one stage (layer), and in order to detect a position
at which annihilation radiation interacts with scintillator crys-
tals at higher accuracy, the thus prepared stage is stacked in
four stages to give a crystal block, and based on this crystal
block, calculation has been made for a transmission channel
of scintillation light and the transmission time thereof. Here,
a first layer in the drawing is closest to a radiation source and
a fourth layer is furthest from there. In order to show the
principle simply, a relationship between the number of pho-
tons arriving at a light receiver and elapsed time where one
hundred thousands of photons are emitted at a reference time
in random directions from the center of each crystal which has
been selected at the center of each stage is shown. It is appar-
ent therefrom that not only is the arrival time of a first photon
different depending on a distance of a straight line between a
light-emitting coordinate inside a scintillator crystal which
has emitted light and a light receiver, but also there are times
when the number of arriving photons is greatest and a second
peak resulting from reflection on an upper surface of the
crystal. If the thus generated difference in detection time due
to a difference in the distance of a transmission channel of
scintillation light is corrected, it is possible to increase the
information accuracy of difference of the time of flight.

[0016] A third error parameter of the detection time is a
difference in the output wave of a light receiver caused by a
difference in the transmission channel. As apparent from FIG.
3(B) showing the time distribution of light (input) arriving at
the light receiver, time necessary from arrival of the first
photon from each layer to the time when the number of
arriving photons is greatest is different depending on each
layer. It is also apparent from the shape of the graph that the
trend of increasing the number of photons with the lapse of
time is different. In order to determine the time from an output
wave of the light receiver in the simplest way, first, a threshold
value is set to avoid confusion of noises with a signal, an
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output in excess of the threshold value is regarded as a signal,
and time in excess of the threshold value is given as detection
time. If the definition is made common in all the light receiv-
ers, there will be no difference resulting from a definition
method. However, in this method, as shown in FIG. 3(C),
where an output signal is relatively large (for example, a
fourth layer), the threshold value is exceeded soon after
arrival of a first photon, but where the output signal is rela-
tively small (for example, a first layer), the threshold value is
exceeded only around the time when the output is maximum.
Therefore, the time to be determined is deviated depending on
a magnitude of the signal. Therefore, in actuality, a more
sophisticated determination method such as a constant frac-
tion method in which time is not deviated depending on a
magnitude of the output signal is extensively used (refer to
Radiation Handbook, third edition, pp. 753, 2001, published
by Nikkan Kogyo Shimbun).

[0017] However, since even the constant fraction method
capable of coping with the change in magnitude of an output
signal is unable to cope with the change in waveform of the
output signal, a deviation of time which is determined by a
difference in whether a signal rises abruptly or slowly is
caused. Thus, if correction is made for a difference in the
detection time which is caused by a difference in the output
waveform of a light receiver resulting from a different trans-
mission channel of scintillation light, it is possible to increase
the information accuracy of difference of the time of flight.
This is effective not only in the constant fraction method but
also in a leading edge method or other determination-making
methods. A difference can be corrected, for example, on the
basis of a gradient found when a signal rises or the change
thereof.

[0018] Technology for correcting detection time by utiliz-
ing only information on a light emitting position in the depth
direction by the use of a radiation detector as shown in F1G. 4,
in place of information on a three-dimensional position (light
emitting position) is already known (refer to IEEE Trans.
Nucl. Sci., Vol. 53, No. 1, pp. 35-39, 2006, by T. Tsuda et al.).
In the drawing, the numeral 40 depicts a radiation detector
(referred to as a DOI detector) which is capable of obtaining
information on depth of interaction (DOT) and made up of,
for example, a 256-channel position-sensitive-type photo-
multiplier tube (PS-PMT) 21 and a scintillator crystal block
23 stacked, for example, in four layers by 6x6 proposed by the
applicant in Japanese Published Unexamined Patent Appli-
cation No. 2004-279057.

[0019] According to the above-described DOI detector, itis
possible to obtain information on depth of interaction.
[0020] However, the DOT detector stacked in four layers as
shown in FIG. 4 has following problems. Namely, a first layer
on the side of a radiation source is greatest in TOF difference
(delay) and lowest in time resolution due to a long distance to
the PS-PMT 21 withal the fact that the number (frequency) of
light emitting events by incident radiation is greatest. On the
other hand, a fourth layer on the side of a light receiver is
smallest in TOF difference (delay) and highest in time reso-
lution due to the nearest distance to the PS-PMT 21, but the
fourth layer is not effectively utilized because the number of
events is smallest.

[0021] FIG. 5 shows the respective responses of four layers
in a conventional DOI detector which is not subjected to TOF
correction and time resolution of the detector as a whole. In
this example, the time resolution (half bandwidth FWHM) of
the radiation detector as a whole was 361.4 ps.
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[0022] On the other hand, where TOF correction was made
in every layer, as shown in FIG. 6, the time resolution of the
radiation detector as a whole was improved to be 324.1 ps.
However, this was still insufficient.

DISCLOSURE OF THE INVENTION

[0023] The present invention has been made to solve the
above-described conventional problems, an object of whichis
to obtain information (energy, incident time, an incident posi-
tion, etc.) on radiation made incident into a scintillator (in-
cluding a Cherenkov radiation emitter) at high accuracy.
[0024] Asshown in FIG. 7, the inventor made the following
arrangement, that is, a radiation detector 40 was placed upside
down, the PS-PMT 21 was installed on the side of a radiation
source, a layer which is nearest to the PS-PMT 21 and small
in TOF difference and highest in time resolution was given as
a first layer to be made the greatest in the number of events,
but a fourth layer which was greatest in distance from the
PS-PMT 21, greatest in TOF difference and lowest in time
resolution was made to be the smallest in the number of
events.

[0025] FIG. 8 shows a result of an experiment where under
the same determination conditions as those of FIG. 4, as
shown in FIG. 7, the radiation detector 40 was placed upside
down, and a first layer highest in time resolution was made
greatest in detection rate. However, as with FIG. 6, TOF
correction was also performed in every layer. In this instance,
it was confirmed that, as compared with a case where only
TOF correction was made, the radiation detector was placed
upside down to improve the time determination accuracy, by
which the time resolution of the radiation detector as a whole
was enhanced to be 297.7 ps. As described so far, it is effective
that a positional relationship between the light receiver and
the scintillator is reversed and TOF correction is also made.
[0026] Here, the light receiver and a circuit portion thereof
installed on the side of the radiation source are scatterers for
annihilation radiation. However, experiments conducted by
the inventor have found no hindrance in identifying an inci-
dent position of radiation strong in penetration force. FIGS. 9
(A), (B) and (C) show the arrangements in an experimentation
conducted for confirmation, while FIG. 10, FIG. 11 and FIG.
12 show the respective results. FIG. 9(A) shows an example
where, as with a conventional example, a flat panel-type
position sensitive photomultiplier tube 31 (H9500 model by
Hamamatsu Photonics K.K.) is installed on the opposite side
of'aradiation source 8 of a scintillator 34, FIG. 9(B) shows an
example where in the same arrangement as that of FIG. 9(A),
a PS-PMT 31' is installed as a scatterer also above the scin-
tillator 34, and FIG. 9(C) shows an example where according
to the present invention, the PS-PMT 31 is installed on the
side of the radiation source 8 of the scintillator 34. In these
drawings, numerals 32 and 32' depict a circuit substrate por-
tion.

[0027] As apparent from FIG. 12, the arrangement of the
present invention shown in FIG. 9(C) has improved an energy
resolution AE/E to be 9.2% (the dotted line in FIG. 12), as
compared with the arrangement of FIG. 9(A) (the solid line in
FIG. 10, AE/E=10.0%) and the arrangement of FIG. 9(B) (the
dotted line in FIG. 11, AE/E=10.1%). The energy resolution
indicates that as its value is smaller, the energy of radiation
made incident into a radiation detector is determined at higher
accuracy. The fact that the arrangement of FIG. 9(A) (10.0%)
is similar in value to the arrangement of FIG. 9(B) (10.1%)
has demonstrated that the inserted PS-PMT 31' gives only a
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slight influence to energy resolution as a scatterer. Further, the
fact that the arrangement of FIG. 9(C) (9.2%) is smaller in
value than the arrangement of FIG. 9(A) (10.0%) has dem-
onstrated the superiority in capacity for obtaining informa-
tion on energy of incident radiation from a light signal emitted
from a scintillator. Therefore, an object to which the present
invention is applicable is not limited to a TOF-PET which
gives priority to time resolution but effectively used in a
conventional PET in which a higher energy resolution is
preferable. Further, a part closer to a radiation source of the
scintillator (an upper part in the drawing) interacts with radia-
tion at a higher frequency than a part distant from the radia-
tion source (a lower part in the drawing). Thus, it is apparent
from the result of this experiment that even if scintillators are
not stacked, a light receiver is installed on the side of the
radiation source of a scintillator, thereby enhancing the per-
formance of the radiation detector.

[0028] The present invention has been made on the basis of
the above findings, that is, a light receiver for detecting inci-
dent time is installed on the side of a radiation source of a
scintillator (including a Cherenkov radiation emitter),
thereby obtaining information on radiation (energy, incident
time (timing information), an incident position, etc.) through
the output of the light receiver, thus solving the above prob-
lems.

[0029] As being superficially similar to the present inven-
tion, an idea that, as shown in FIG. 13, an avalanche photo-
diode (APD) 36 for obtaining information on a position and
energy is installed on the side of the radiation source of a
scintillator 32 and a PMT 21 for obtaining information on
time and others is installed on the opposite side has been
proposed (refer to IEEE Trans. Nucl. Sci., Vol. 41, No. 4, pp.
1441-1445, 1994, by W. W. Moses et al.). However, the APD
is slow in response and not a main detector for determining
the incident time.

[0030] The present invention also provides a radiation
detecting device which is constituted with a light receiver for
detecting incident time which is installed on the side of a
radiation source of a scintillator (including a Cherenkov
radiation emitter) and a means for obtaining information on
radiation made incident into a scintillator by the output of the
light receiver (for example, a processing circuit at a back
stage).

[0031] Here, the light receiver may be installed only on the
side of the radiation source of the scintillator.

[0032] Alternatively, the light receiver may be installed on
the side of the radiation source of the scintillator and a light
receiver assisting thereto is installed on the opposite side of
the scintillator or on a side surface.

[0033] Further, a radiation detector made up of the scintil-
lator and the light receiver may be given as a DOI detector.
[0034] Further, a combination of the scintillators with the
detectors may be stacked.

[0035] Still further, a radiation detector to be made a pair
may be installed so as to be opposite behind the radiation
source, thus making it possible to determine coincidence and
time of flight.

[0036] In addition, radiation detectors may be arrayed in a
ring shape so as to surround the radiation source and a corn-
shaped light guide is installed between each scintillator and
each light receiver, thus making it possible to narrow down a
diameter of the light-emitting light path with respect to a
diameter of the incident light path to the light guide.
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[0037] The present invention also provides a positron emis-
sion tomography scanner having the above-described radia-
tion detecting device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG.1(A) is a cross sectional view showing a brief
constitution of a conventional PET scanner and FIG. 1(B) is a
cross sectional view showing a conventional TOF-PET scan-
ner.

[0039] FIG. 2(A) is a cross sectional view for explaining
one of the conventional problems and FIG. 2(B) is a time
chart for explaining one of the conventional problems.
[0040] FIG. 3(A) is a cross sectional view for explaining
other conventional problems and FIG. 3(B) and FIG. 3(C) are
time charts for explaining other conventional problems.
[0041] FIG. 4 is a perspective view for explaining one con-
ventional solution method.

[0042] FIG. 5is a drawing showing responses of individual
layers in a conventional DOI detector free of TOF correction
and the time resolution of the detector as a whole.

[0043] FIG. 6is a drawing showing responses of individual
layers where TOF correction is made in each of these layers
and the time resolution of the detector as a whole.

[0044] FIG. 7 is a perspective view for explaining the prin-
cipal of the present invention.

[0045] FIG. 8 is a drawing for showing responses of indi-
vidual layers and the time resolution of the detector as a whole
in the example shown in FIG. 7.

[0046] FIG. 9 is a drawing showing arrangements made in
an experiment for confirmation.

[0047] FIG. 10 is a drawing showing a result of the experi-
ment for a conventional arrangement.

[0048] FIG. 11 is a drawing showing a result of the experi-
ment for an arrangement of a comparative example.

[0049] FIG. 12 is a drawing showing a result of the experi-
ment in an arrangement of the present invention.

[0050] FIG. 13 is a cross sectional view showing a consti-
tution of the other conventional example.

[0051] FIG. 14 is a cross sectional view of a PET scanner of
Embodiment 1 of the present invention.

[0052] FIG. 15 is a cross sectional view showing a scintil-
lator and a light receiver portion used in Embodiment 2 of the
present invention.

[0053] FIG. 16 is a cross sectional view showing a scintil-
lator and a light receiver portion in Embodiment 3 of the
present invention.

[0054] FIG. 17 is a cross sectional view showing a consti-
tution of a PET scanner of Embodiment 4 of the present
invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0055] Hereinafter, an explanation will be made in detail
for embodiments of the present invention by referring to the
drawing.

[0056] As shown in FIG. 14, Embodiment 1 of the present
invention is a positron emission tomography scanner in which
PMTs 31 are arrayed on the side of a patient, which is a
radiation source, scintillators 34 are disposed via light guides
32 outside thereof, and processing circuits 36 at a back stage
connected with each of the PMTs 31 are used to identify an
incident position, incident time and energy of radiation made
incident.
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[0057] Thereby, it is possible to enhance time resolution
and energy resolution.

[0058] In the present embodiment, the light guide 32 is
installed and a diameter of the light-emitting light path on the
side of the PMT 31 is narrowed down with respect to a
diameter of the incident light path on the side of the scintil-
lator 34, thus making it possible to arrange the scintillators 34
and the PMTs 31 without any clearance left.

[0059] In addition, types of the radiation detector are not
limited to a DOI detector. As in Embodiment 2 shown in FIG.
15, the scintillators 34 are not stacked in four layers but may
be made into a thick one layer, two or three layers, or more
than five layers, or the light guide 32 is omitted and the PMT
31 may be directly disposed on the side of a radiation source
of the scintillator 34. For example, where the PMT 31 is
sufficiently thin or where radiation detectors are not required
to be arranged densely, no light guide is needed. Where the
light guide is not needed, it is preferably omitted.

[0060] Further, a combination of the scintillators 34 with
the PMTs 31 is not limited to one stage. As in Embodiment 3
shown in FIG. 16, the scintillators 34 are changed in consti-
tution for every stage and can be disposed in a multiple stage.
Here, it is acceptable that a relationship between the scintil-
lators 34 and the PMTs 31 is on a one to one basis, on a many
to one basis, on a one to many basis and on a many to many
basis.

[0061] Still further, as in Embodiment 4 shown in FIG. 17,
as a light receiver, for example, silicon photomultipliers (a
Si-PM, that is, an APD working in a Geiger region) 41 can be
used and arranged in one layer or two or more layers.

[0062] In addition, in the previous embodiments, a PMT
and a Si-PM which are thin are used. In general, alight
receiver is an element capable of converting a light signal to
an electric signal and outputting the signal. Types of the light
receiver used in carrying out the present invention are not
limited to them but may include other types of elements
having similar functions such as a photodiode and an ava-
lanche photodiode.

[0063] Further, the scintillator is not necessarily a solid but
may be a gas or a liquid. Still further, where the scintillator is
a solid, it is not necessarily a single crystal but, for example,
may be glass, ceramics or a sintered body. The light-emitting
principal of the scintillator may be also Cherenkov radiation.
[0064] Further, an object to which the present invention is
applied is not limited to a TOF-PET. The object may include
an ordinary PET scanner in which, for example, TOF is not
utilized. Still further, it may include a SPECT which utilizes
relatively high energy (for example, '*'1, 364 keV)

INDUSTRIAL APPLICABILITY

[0065] The present invention is applied to a positron emis-
sion tomography scanner and others, thus making it possible
to identify incident time, an incident position and energy of
radiation into a radiation detector at high accuracy.
1. A method for detecting radiation comprising a step of;
installing a light receiver for detecting incident on the side
of a radiation source of a scintillator (including a Cher-
enkov radiation emitter)
and obtaining information on radiation made incident into
the scintillator by the output of the light receiver.
2. The method for detecting radiation according to claim 1,
wherein the light receiver is installed only on the side of the
radiation source of the scintillator.
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3. The method for detecting radiation according to claim 1,
wherein the light receiver is installed on the side of the radia-
tion source of the scintillator and a detector assisting thereto
is installed also on a side part of the scintillator or on the
opposite side thereof.

4. The method for detecting radiation according to claim 1,
wherein a radiation detector made up of the scintillator and
the light receiver is a DOI detector.

5. The method for detecting radiation according to claim 1,
wherein a combination of the scintillators with the light
receivers is stacked.

6. The method for detecting radiation according to claim 1,
wherein a radiation detector to be made a pair is installed so
as to be opposite behind the radiation source, thus making it
possible to determine coincidence and time of flight.

7. The method for detecting radiation according to claim 1,
wherein radiation detectors are arrayed in a ring shape so as to
surround the radiation source and a corn-shaped light guide is
installed between a scintillator and a light receiver which
constitute each of the radiation detectors, thus making it
possible to narrow down a diameter of the light-emitting light
path with respect to a diameter of the incident light path to the
light guide.

8. A radiation detecting device comprising:

a light receiver for detecting incident time which is

installed on the side of a radiation source of a scintillator
(including a Cherenkov radiation emitter); and

a means for obtaining information on radiation made inci-
dent into the scintillator by the output of the light
receiver.

9. The radiation detecting device according to claim 8,
wherein the light receiver is installed only on the side of the
radiation source of the scintillator.

10. The radiation detecting device according to claim 8,
wherein the light receiver is installed on the side of the radia-
tion source of the scintillator and a light receiver assisting
thereto is installed also on a side part of the scintillator or on
the opposite side thereof.

11. The radiation detecting device according to claim 8,
wherein a radiation detector made up of the scintillator and
the light receiver is a DOI detector.

12. The radiation detecting device according to claim 8
wherein a combination of the scintillators with the light
receivers is stacked.

13. The radiation detecting device according to claim 8,
wherein a radiation detector to be made a pair is installed so
as to be opposite behind the radiation source, thus making it
possible to determine coincidence and time of flight.

14. The radiation detecting device according to claim 8,
wherein radiation detectors are arrayed in a ring shape so as to
surround the radiation source and a corn-shaped light guide is
installed between a scintillator and a light receiver which
constitute each of the radiation detectors, thus making it
possible to narrow down a diameter of the light-emitting light
path with respect to a diameter of the incident light path to the
light guide.

15. A positron emission tomography scanner which is pro-
vided with the radiation detecting device according to claim
8.



