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(54) MULTI ANODE-TYPE PHOTOELECTRON INTENSIFIER TUBE AND RADIATION DETECTOR

(57) A side tube includes a tube head, a fun-
nel-shaped connection neck, and a tube main body inte-
grally along a tube axis. The size of the cross section of
the tube head perpendicular to the tube axis is larger
than the size of the cross section of the tube main body
perpendicular to the tube axis. The radius of curvature
at curved corners of the tube head is smaller than the
radius of curvature at curved corners of the tube main
body. The length of the tube head along the tube axis is
shorter than the length of the tube main body along the
tube axis. A photocathode is formed in a region inside
the tube head on one surface of the faceplate that is
connected to the tube head. The multi-anode type pho-
tomultiper tube having the above-described structure can
guide light effectively onto the photocathode, and has a
high strength.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a multi-anode
type photomultiplier tube and a radiation detector using
the multi-anode type photomultiplier tube.

BACKGROUND ART

[0002] Japanese unexamined patent application pub-
lication 05-93781 (hereinafter referred to as "Patent Doc-
ument 1") discloses a radiation detector 200 shown in
FIG. 1. This radiation detector 200 includes a scintillator
matrix 201 and a multi-anode type photomultiplier tube
203.
[0003] The scintillator matrix 201 includes a plurality
of scintillators 202 arranged in a two-dimensional matrix
manner, and generates and emits scintillation light in ac-
cordance with incident radiation. The multi-anode type
photomultiplier tube 203 detects the scintillation light
emitted from the scintillator matrix. By calculating the
center of mass of output signals issued from a plurality
of anode electrodes in the multi-anode type photomulti-
plier tube 203, it is possible to identify which scintillator
has emitted the scintillation light.
[0004] Japanese unexamined patent application pub-
lication 11-250853 (hereinafter referred to as "Patent
Document 2") discloses a multi-anode type photomulti-
plier tube that is used for a radiation detector and that
includes a quadrangular prismatic hollow side tube made
of glass.
[0005] Such a multi-anode type photomultiplier tube
includes a faceplate made of glass and the quadrangular
prismatic hollow side tube made of glass. The side tube
is connected to one surface of the faceplate, and extends
along a tube axis that is substantially perpendicular to
the faceplate. A photocathode is formed in a region inside
the side tube on the one surface of the faceplate that is
connected to the side tube. The photocathode is for emit-
ting photoelectrons according to light incident on the
faceplate. A plurality of electron multiplying sections and
a plurality of anode electrodes are provided inside the
side tube in association with a plurality of regions in the
photocathode.
[0006] Japanese unexamined patent application pub-
lication 03-173056 (hereinafter referred to as "Patent
Document 3") discloses a division-type photomultiplier
tube. The photomultiplier tube has a side tube, which
includes a quadrangular prismatic hollow tube head hav-
ing a large cross-sectional diameter and a quadrangu-
lar-prismatic hollow tube main body having a small
cross-sectional diameter. The tube head is connected to
one surface of a faceplate. A single anode electrode is
located inside the tube main body.

DISCLOSURE OF THE INVENTION

[0007] It is conceivable to modify the quadrangu-
lar-prism-shaped glass side tube described in Patent
Document 2 into a structure including a quadrangu-
lar-prism-shaped tube head having a large cross-sec-
tional diameter and the quadrangular-prism-shaped tube
main body having a small cross-sectional diameter, sim-
ilar to the side tube described in Patent Document 3.
Because the cross-sectional diameter of the tube head
is large, it is possible to increase the size of the photo-
cathode that is provided on the faceplate at its area inside
the side tube.
[0008] If the length of the tube head in the tube axial
direction is formed longer than the length of the tube main
body in the tube axial direction such as the side tube in
Patent Document 3, the overall strength of the side tube
will become insufficient.
[0009] When the quadrangular-prism-shaped hollow
side tube is made of glass, four corners of the side tube
will have a curved shape. Therefore, the area on the face-
plate inside the corners of the side tube will become
small.
[0010] In a radiation detector, it is important to guide
scintillation light from all the scintillators of the scintillator
matrix substantially uniformly onto the photocathode for
the conversion to photoelectrons. If the corners of the
side tube are greatly curved, the incident efficiency from
some scintillators on the corners of the side tube will be-
come lower than the incident efficiency from other scin-
tillators among the plurality of scintillators in the scintil-
lator matrix. Consequently, it is nearly impossible to guide
the scintillation light from all the scintillators uniformly on-
to the photocathode.
[0011] The present invention is aimed at solving the
problems described above to provide a multi-anode type
photomultiplier tube that guides light effectively onto a
photocathode for conversion into photoelectrons and that
has high strength, and a radiation detector that includes
the multi-anode type photomultiplier tube to detect scin-
tillation light from all the scintillators substantially uniform-
ly.
[0012] In order to solve the above problem, a multi-an-
ode type photomultiplier tube of the present invention
has a multi-anode type photomultiplier tube including: a
faceplate made from glass; and a hollow side tube made
from glass and connected to one surface of the faceplate,
the side tube extending along a tube axis that is substan-
tially perpendicular to the faceplate, a photocathode for
emitting photoelectrons according to light incident on the
faceplate being provided on the one surface of the face-
plate in a region inside the side tube, a plurality of electron
multiplying sections and a plurality of anode electrodes
being provided inside the side tube in correspondence
with a plurality of regions on the photocathode, wherein
the side tube includes a tube head, a funnel-shaped con-
nection neck, and a tube main body which are arranged
integrally along the tube axis, the tube main body has a
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substantially quadrangular prismatic hollow shape with
four first curved corners, the tube main body extends
along the tube axis by a first length, the tube main body
has a first size of cross section substantially perpendic-
ular to the tube axis, each of the four first curved corners
is curved with a first radius of curvature, the tube head
has a substantially quadrangular prismatic hollow shape
with four second curved corners, the tube head extends
along the tube axis by a second length, the tube head
has a second size of cross section substantially perpen-
dicular to the tube axis, each of the four second curved
corners is curved with a second radius of curvature, the
second length is shorter than the first length, the second
size is larger than the first size, the second radius of cur-
vature is smaller than the first radius of curvature, the
funnel-shaped connection neck connects the tube head
to the tube main body coaxially, the tube head is con-
nected to the one surface of the faceplate, the photocath-
ode is provided on the one surface of the faceplate in a
region inside the tube head, and the plurality of electron
multiplying sections and the plurality of anode electrodes
are provided inside the tube main body.
[0013] In the multi-anode type photomultiplier tube ac-
cording to the present invention, the size of the cross
section of the tube head is larger than the size of the
cross section of the tube main body. This construction
increases an area of a part of the surface of the faceplate
that is connected to the tube head and that is inside the
tube head. Accordingly, it is possible to increase the size
of the photocathode and to effectively guide a larger
amount of light onto the photocathode for the conversion
into photoelectrons.
[0014] Furthermore, the radius of curvature at the
curved corners of the tube head is smaller than the radius
of curvature at the curved corners of the tube main body.
This construction increases the area of a part of the face-
plate that is in the vicinity of the curved corners of the
tube head and that is inside the curved corners. There-
fore, it is possible to increase the area of a part of the
photocathode that is in the vicinity of the curved corners
and to effectively guide light incident in the vicinity of the
curved corners of the tube head onto the photocathode
for conversion into photoelectrons.
[0015] The length of the tube main body in the tube
axis direction is longer than that of the tube head, so that
the overall mechanical strength of the vacuum vessel is
enhanced.
[0016] By setting the size of the cross section of the
tube head and the radius of curvature at the curved cor-
ners of the tube head to desired values and adjusting the
length of the tube main body, the length of the tube head,
the size of the cross section of the tube main body, and
the radius of curvature at the curved corners of the tube
main body in correspondence with the size of the cross
section of the tube head and the radius of curvature at
the curved corners of the tube head, it is possible to set
the area of the photocathode at a desired size and to
guide light falling in the vicinity of the curved corners of

the tube head effectively onto the photocathode while
maintaining a sufficiently high strength of the entire side
tube.
[0017] Preferably, the tube head includes an outer pe-
ripheral surface and an inner peripheral surface, the outer
peripheral surface connects each two adjacent second
curved corners with a substantially straight line, the inner
peripheral surface connects each two adjacent second
curved corners with a curved line, and the inner periph-
eral surface gradually approaches the outer peripheral
surface from a substantially central position between the
two adjacent second curved corners towards each of the
two adjacent second curved corners. The area of a part
of the faceplate that is in the vicinity of the curved corners
of the tube head and that is inside the curved corners
can be increased. Therefore, it is possible to increase
the area of a part of the photocathode that is in the vicinity
of the curved corners. Accordingly, a larger amount of
light incident in the vicinity of the curved corners of the
tube head can be guided onto the photocathode for con-
version into photoelectrons.
[0018] Preferably, the multi-anode type photomultipli-
er tube of the present invention further has: a converging
electrode plate converging the photoelectrons emitted
from the photocathode; and a partition plate dividing an
electron converging space defined between the photo-
cathode and the converging electrode plate into a plural-
ity of segment-spaces corresponding to the plurality of
regions on the photocathode, wherein each electron mul-
tiplying section receives the photoelectrons converged
by the converging electrode plate in the corresponding
one of the plurality of segment-spaces, the partition plate
extends from the tube head into the tube main body
through the funnel-shaped connection neck in the side
tube, the converging electrode plate, the plurality of elec-
tron multiplying sections, and the plurality of anode elec-
trodes are located in the tube main body, and a magnetic
shield is provided on an outer periphery of the tube main
body. By arranging the converging electrode plate, the
plurality of electron multiplying sections, and the plurality
of anode electrodes in the tube main body and providing
the magnetic shield on the outer periphery of the tube
main body, it is possible to precisely perform operations
for converging and multiplying photoelectrons without
being affected by an external magnetic field.
[0019] From another aspect of the invention, a radia-
tion detector of the present invention includes: a scintil-
lator matrix that includes a plurality of scintillators ar-
ranged in a two-dimensional matrix manner, each scin-
tillator having an output surface, and each scintillator
generating scintillation light in accordance with radiation
incident on the scintillator and emitting the scintillation
light from the output surface; and a multi-anode type pho-
tomultiplier tube for detecting the scintillation light emitted
from each scintillator of the scintillator matrix, wherein
the multi-anode type photomultiplier tube includes: a
faceplate made from glass; and a hollow side tube made
from glass and connected to one surface of the faceplate,
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the side tube extending along a tube axis that is substan-
tially perpendicular to the faceplate, another surface of
the faceplate opposite to the one surface facing all of the
output surfaces of the plurality of scintillators in the scin-
tillator matrix, a photocathode for emitting photoelectrons
according to scintillation light incident on the faceplate
being provided on the one surface of the faceplate in a
region inside the side tube, and a plurality of electron
multiplying sections and a plurality of anode electrodes
being provided inside the side tube in correspondence
with a plurality of regions on the photocathode, wherein
the side tube includes a tube head, a funnel-shaped con-
nection neck, and a tube main body which are arranged
integrally along the tube axis, the tube main body has a
substantially quadrangular prismatic hollow shape with
four first curved corners, the tube main body extends
along the tube axis by a first length, the tube main body
has a first size of cross section substantially perpendic-
ular to the tube axis, each of the four first curved corners
is curved with a first radius of curvature, the tube head
has a substantially quadrangular prismatic hollow shape
with four second curved corners, the tube head extends
along the tube axis by a second length, the tube head
has a second size of cross section substantially perpen-
dicular to the tube axis, each of the four second curved
corners is curved with a second radius of curvature, the
second length is shorter than the first length, the second
size is larger than the first size, the second radius of cur-
vature is smaller than the first radius of curvature, the
funnel-shaped connection neck connects the tube head
to the tube main body coaxially, the tube head is con-
nected to the one surface of the faceplate, the photocath-
ode is provided on the one surface of the faceplate in a
region inside the tube head, and the plurality of electron
multiplying sections and the plurality of anode electrodes
are provided inside the tube main body.
[0020] In the radiation detector according to the
present invention, the size of the cross section of the tube
head is larger than the size of the cross section of the
tube main body. The curved corners of the tube head are
curved with a radius of curvature that is smaller than that
of the curved corners of the tube main body. Therefore,
it is possible to make most parts of the output surfaces
of the scintillators that are located at the outer peripheral
portion of the scintillator matrix or at the corners of the
scintillator matrix properly face the part of the faceplate
that is inside the tube head. Accordingly, the photocath-
ode can receive scintillation light from all the scintillators
at a substantially uniform ratio. The radiation detector
can detect radiation with substantially uniform sensitivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is a perspective view of a conventional radi-
ation detector;
FIG. 2 is a plan view of a multi-anode type photom-

ultiplier tube according to a first embodiment of the
present invention;
FIG. 3 is a sectional view of the multi-anode type
photomultiplier tube taken along the line III-III of FIG.
2;
FIG. 4 is a perspective view of a glass vessel pro-
vided in the multi-anode type photomultiplier tube of
the first embodiment of the present invention;
FIG. 5 is a sectional view of the glass vessel shown
in FIG. 4;
FIG. 6 is a cross-sectional view of the glass vessel
taken along the line VI-VI of FIG. 5;
FIG. 7 is a cross-sectional view of the glass vessel
taken along the line VII-VII of FIG. 5;
FIG. 8 is a top view of the glass vessel shown in FIG.
5;
FIG. 9 is a schematic plan view showing how a plu-
rality of radiation detectors of the first embodiment
are arranged;
FIG. 10 is a sectional view taken along the line X-X
of FIG. 9;
FIG. 11 is an enlarged view of an essential portion
E shown in FIG. 10;
FIG. 12 is a cross-sectional view of a tube head of
a glass vessel provided in a multi-anode type pho-
tomultiplier tube according to a second embodiment
of the present invention;
FIG. 13 is a plan view of a multi-anode type photo-
multiplier tube according to a comparative example;
FIG. 14 is a sectional view of the multi-anode type
photomultiplier tube taken along the line XIV-XIV of
FIG. 13;
FIG. 15 is a schematic plan view showing how a plu-
rality of radiation detectors of the comparative ex-
ample are arranged;
FIG. 16 is a sectional view taken along the line
XVI-XVI of FIG. 15;
FIG. 17 is an enlarged view of an essential portion
H shown in FIG. 16;
FIG. 18 is an explanatory diagram showing that ef-
fective photoelectric regions of the multi-anode type
photomultiplier tubes according to the first and sec-
ond embodiments are larger than that of the mul-
ti-anode type photomultiplier tube according to the
comparative example, because the diameters of the
tube heads of the first and second embodiments are
larger than the diameter of the tube of the compar-
ative example and the radiuses of curvature at the
curved corners of the tube head are smaller than the
radius of curvature at the curved corners of the tube
of the comparative example;
FIG. 19 is an explanatory diagram showing that scin-
tillator effective area ratios at four scintillators in the
vicinity of one corner of a scintillator matrix in the
radiation detector according to each of the first and
second embodiments are greater than scintillator ef-
fective area ratios at four scintillators in the vicinity
of one corner of a scintillator matrix in the radiation
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detector of the comparative example, because the
diameters of the tube heads of the first and second
embodiments are larger than the diameter of the tube
of the comparative example and the radiuses of cur-
vature at the curved corners of the tube head are
smaller than the radiuses of curvature at the curved
corners of the tube in the comparative example;
FIG. 20 is an explanatory diagram showing that the
effective photoelectric regions of the multi-anode
type photomultiplier tubes according to the first and
second embodiments are still larger than the effec-
tive photoelectric region of the multi-anode type pho-
tomultiplier tube according to the comparative exam-
ple, even when the diameters of the tube heads of
the first and second embodiments are equal to the
diameter of the tube of the comparative example and
the radiuses of curvature at the curved corners of
the tube head are smaller than the radius of curvature
at the curved corners of the tube of the comparative
example; and
FIG. 21 is an explanatory diagram showing that scin-
tillator effective area ratios at four scintillators in the
vicinity of one corner of a scintillator matrix in the
radiation detector according to each of the first and
second embodiments are still greater than scintillator
effective area ratios at four scintillators in the vicinity
of one corner of a scintillator matrix in the radiation
detector of the comparative example, even when the
diameters of the tube heads of the first and second
embodiments are equal to the diameter of the tube
of the comparative example and the radiuses of cur-
vature at the curved corners of the tube head are
smaller than the radiuses of curvature at the curved
corners of the tube in the comparative example.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] A multi-anode type photomultiplier tube and a
radiation detector according to embodiments of the
present invention will be described with reference to the
accompanying drawings.
[0023] A multi-anode type photomultiplier tube and a
radiation detector according to a first embodiment of the
present invention will be described with reference to
FIGS. 2 to 11.
[0024] First, the multi-anode type photomultiplier tube
of this embodiment will be described.
[0025] FIG. 2 is a plan view of the multi-anode type
photomultiplier tube 1 of this embodiment.
[0026] FIG. 3 is a sectional view of the multi-anode
type photomultiplier tube 1 taken along the line III-III of
FIG. 2.
[0027] The multi-anode type photomultiplier tube 1 is
of a two by two multi-anode type.
[0028] As shown in FIGS. 2 and 3, the multi-anode
type photomultiplier tube 1 includes a glass vessel 5
made from transparent glass.
[0029] As shown in FIG. 3, the glass vessel 5 includes

a hollow side tube 11 made from transparent glass and
a faceplate 9 made from transparent glass.
[0030] The side tube 11 extends along a tube axis that
is substantially perpendicular to the faceplate 9. The side
tube 11 includes a tube head 17, a funnel-shaped con-
nection neck 15, and a tube main body 13 that are inte-
grally arranged along the tube axis. The upper end of the
tube head 17 of the side tube 11 is connected to a lower
surface 9d of the faceplate 9. A part of the lower surface
9d of the faceplate 9 that is inside the tube head 17 is
hereinafter referred to as an "effective photoelectric re-
gion K".
[0031] A stem 7 made from transparent glass is con-
nected to the lower end of the tube main body 13, thereby
hermetically sealing the inside of the glass vessel 5.
[0032] A photocathode 20, a converging electrode
plate 22, partition plates 26, an electron multiplying sec-
tion 28, and an anode section 32 are provided in the glass
vessel 5. Input/output pins 38 are provided to pass
through the stem 7.
[0033] The photocathode 20 is formed on the effective
photoelectric region K of the faceplate 9.
[0034] The converging electrode plate 22 has a
disk-shape. As shown in FIG. 2, the converging electrode
plate 22 is formed with four openings 24.
[0035] The electron multiplying section 28 includes
four dynode arrays 30. FIG. 3 illustrates only two dynode
arrays 30. Each dynode array 30 includes ten dynodes
Dy1 to Dy10.
[0036] The anode section 32 includes four anode elec-
trodes 34. In FIG. 3, only two anode electrodes 34 are
illustrated.
[0037] In the anode section 32, four shielding elec-
trodes 36 are further provided. FIG. 3 illustrates only two
shielding electrodes 36.
[0038] A magnetic shield 40 is provided to surround
the outer periphery of the tube main body 13. The mag-
netic shield 40 includes a high magnetic permeability ma-
terial 42 and a resin coating 44.
[0039] In this embodiment, the glass vessel 5 of the
multi-anode type photomultiplier tube 1 is formed to have
a shape described below. Therefore, a large amount of
light can be effectively guided onto the photocathode 20,
and the vessel 5 can be maintained under a high vacuum.
[0040] The shape of the glass vessel 5 will be de-
scribed with reference to FIGS. 4 to 8.
[0041] First, the shape of the glass vessel 5 will be
described in brief with reference to FIG. 4.
[0042] FIG. 4 is a perspective view of the glass vessel
5.
[0043] The tube main body 13 has a substantially
quadrangular prismatic hollow shape extending along
the tube axis, and includes four planar sides 13a and four
curved corners 13b. The tube main body 13 has a sub-
stantially square cross section perpendicular to the tube
axis.
[0044] The tube head 17 also has a substantially quad-
rangular prismatic hollow shape extending along the tube
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axis, and includes four planar sides 17a and four curved
corners 17b. The tube head 17 has a substantially square
cross section perpendicular to the tube axis.
[0045] The funnel-shaped connection neck 15 con-
nects the tube main body 13 to the tube head 17 coaxially.
[0046] The faceplate 9 is made of a substantially
square glass plate. The faceplate 9 includes an upper
surface 9u, a lower surface 9d, four side surfaces 9a,
and four curved corners 9b. Both the upper surface 9u
and the lower surface 9d are substantially square.
[0047] The four side surfaces 9a of the faceplate 9 are
continuously connected to the four planar sides 17a of
the tube head 17, respectively. The four curved corners
9b of the faceplate 9 are continuously connected to the
four curved corners 17b of the tube head 17, respectively.
[0048] Next, the shape of the glass vessel 5 will be
described in more detail with reference to FIGS. 5 to 8.
[0049] FIG. 5 is a sectional view of the glass vessel 5.
[0050] The tube head 17 includes an outer peripheral
surface 17o and an inner peripheral surface 17i. The fun-
nel-shaped connection neck 15 includes an outer periph-
eral surface 15o and an inner peripheral surface 15i. The
tube main body 13 includes an outer peripheral surface
13o and an inner peripheral surface 13i. The outer pe-
ripheral surface 17o of the tube head 17 is connected to
the outer peripheral surface 13o of the tube main body
13 through the outer peripheral surface 15o of the fun-
nel-shaped connection neck 15. The inner peripheral sur-
face 17i of the tube head 17 is connected to the inner
peripheral surface 13i of the tube main body 13 through
the inner peripheral surface 15i of the funnel-shaped con-
nection neck 15.
[0051] The length L1 of the tube main body 13 in the
tube axial direction is longer than the length L2 of the
tube head 17 in the tube axial direction.
[0052] The outside diameter W2 of the tube head 17
is larger than the outside diameter W1 of the tube main
body 13. The inside diameter W2’ of the tube head 17 is
larger than the inside diameter W1’ of the tube main body
13.
[0053] The outside diameter of the faceplate 9 is equal
to the outside diameter W2 of the tube head 17.
[0054] FIG. 6 is a cross-sectional view of the glass ves-
sel 5 taken along the line VI-VI of FIG. 5, that is, a
cross-sectional view of the tube main body 13.
[0055] The outer peripheral surface 13o of the tube
main body 13 connects each pair of two adjacent curved
corners 13b among the four curved corners 13b at a
length W1 (outside diameter of the tube main body 13)
in a substantially straight line. The outer peripheral sur-
face 13o is curved with a radius of curvature (outside
radius of curvature) R1 at the curved corners 13b.
[0056] The inner peripheral surface 13i of the tube
main body 13 extends along the outer peripheral surface
13o, while maintaining a substantially fixed distance from
the outer peripheral surface 13o (thickness T1 of the tube
main body 13). That is, the inner peripheral surface 13i
connects each pair of two adjacent curved corners 13b

at a length W1’ (=W1-2xT1; inside diameter of the tube
main body 13) in a substantially straight line. The inner
peripheral surface 13i is curved with a radius of curvature
(inside radius of curvature) R1’ at the curved corners 13b.
The inside radius of curvature R1’ is substantially equal
to the outside radius of curvature R1.
[0057] FIG. 7 is a cross-sectional view of the glass ves-
sel 5 taken along the line VII-VII of FIG. 5, that is, a
cross-sectional view of the tube head 17.
[0058] The outer peripheral surface 17o of the tube
head 17 connects each two adjacent curved corners 17b
at a length W2 (outside diameter of the tube head 17) in
a substantially straight line. The outer peripheral surface
17o is curved with a radius of curvature (outside radius
of curvature) R2 at the curved corners 17b. The outside
radius of curvature R2 is smaller than the outside radius
of curvature R1 in the tube main body 13.
[0059] The inner peripheral surface 17i of the tube
head 17 extends along the outer peripheral surface 17o
while maintaining a substantially fixed distance from the
outer peripheral surface 17o (thickness T2 of the tube
head 17). That is, the inner peripheral surface 17i con-
nects each pair of two adjacent curved corners 17b at a
length W2’ (W2’=W2-2xT2: inside diameter of the tube
head 17) in a substantially straight line. The thickness
T2 of the tube head 17 is substantially equal to the thick-
ness T1 of the tube main body 13. The inner peripheral
surface 17i is curved with a radius of curvature (inside
radius of curvature) R2’ at the curved corners 17b. The
inside radius of curvature R2’ is substantially equal to the
outside radius of curvature R2. Accordingly, the inside
radius of curvature R2’ is also smaller than the inside
radius of curvature R1’ in the tube main body 13.
[0060] FIG. 8 is a top view of the glass vessel 5 shown
in FIG. 5.
[0061] The faceplate 9 has the same external shape
and size as those of the external shape of the tube head
17. That is, the radius of curvature at the curved corners
9b of the faceplate 9 is equal to the outside radius of
curvature R2 at the curved corners 17b of the tube head
17. Each side surface 9a of the faceplate 9 connects two
curved corners 9b on the both sides of the side surface
9a at a length W2 (outside diameter of the faceplate) in
a straight line. The length W2 is equal to the outside di-
ameter W2 of the tube head 17. A part of the lower surface
9d of the faceplate 9 that is inside the inner peripheral
surface 17i of the tube head 17 is the effective photoe-
lectric region K.
[0062] It is possible to produce the glass vessel 5 hav-
ing the above shape by using a method described below.
First, an internal mold to produce the side tube 11 is pre-
pared. The shape of the outer peripheral surface of the
internal mold is identical to the shape of the inner periph-
eral surface of the side tube 11. Then, transparent glass
is supplied to around the internal mold so as to have a
desired thickness, thereby producing the side tube 11.
The side tube 11 may be formed by using soft glass or
hard glass. Next, the lower surface 9d of the faceplate 9
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is fused to the upper end of the tube head 17 of the side
tube 11. As a result, the glass vessel 5 is produced.
[0063] Next, an internal construction of the multi-an-
ode type photomultiplier tube of this embodiment will be
described referring to FIGS. 2 and 3 again.
[0064] As described above, the photocathode 20 is
formed on the effective photoelectric region K of the face-
plate 9.
[0065] The converging electrode plate 22 faces the
photocathode 20, and converges photoelectrons emitted
from the photocathode 20 to guide the photoelectrons
into the electron multiplying section 28. The four open-
ings 24 are arranged two-dimensionally in a two by two
matrix manner.
[0066] The partition plates 26 divide an electron con-
verging space defined between the photocathode 20 and
the converging electrode plate 22 into two by two seg-
ment spaces N corresponding to the two by two openings
24. The photocathode 20 has two by two regions corre-
sponding to the two by two segment spaces N. The pho-
toelectrons emitted from one region of the photocathode
20 are converged by the converging electrode plate 22
while traveling in a corresponding segment space N. The
photoelectrons then pass through the corresponding
opening 24 of the converging electrode plate 22 to reach
the electron multiplying section 28.
[0067] In the electron multiplying section 28, the four
dynode arrays 30 are arranged so as to face the four
openings 24 in a one-to-one correspondence. Each dyn-
ode array 30 multiplies incident photoelectrons having
passed through a corresponding opening 24. The dyn-
odes Dy1 to Dy10 are arranged in the tube axis direction
in a linear-focus manner.
[0068] In the anode section 32, the four anode elec-
trodes 34 are arranged so as to be associated with the
four dynode arrays 30 in a one-to-one manner. Each an-
ode electrode 34 is located between the 9th stage dynode
Dy9 and the 10th stage dynode Dy10 of a corresponding
dynode array 30 so as to face each of the 9ty and 10th
dynodes. Each anode electrode 34 receives photoelec-
trons multiplied by a corresponding dynode array 30 to
generate an output signal indicating the amount of pho-
toelectrons.
[0069] The four shielding electrodes 36 are provided
to isolate each of the four anode electrodes 34 from the
other.
[0070] The input/output pins 38 are connected to the
photocathode 20, the converging electrode plate 22, the
electron multiplying section 28, and the anode section
32 with wiring (not shown). The pins 28 are fixed through
the stem 7.
[0071] As described above, in this embodiment, the
two by two dynode arrays 30 and the two by two anode
electrodes 34 are provided so as to correspond to the
two by two segment spaces N, respectively. Each dynode
array 30 receives photoelectrons emitted from a corre-
sponding region in the photocathode 20 to multiply the
received photoelectrons. Then, the corresponding anode

electrode 34 receives the photoelectrons and generates
an output signal indicating the amount of the received
photoelectrons to the outside through the input/output
pins 38.
[0072] The partition plates 26 extend across the tube
head 17 and the funnel-shaped connection neck 15 into
the tube main body 13 of the side tube 11. The converging
electrode plate 22, the electron multiplying section 28,
and the anode section 32 are provided in the tube main
body 13.
[0073] The magnetic shield 40 shields the converging
electrode plate 22, the electron multiplying section 28,
and the anode section 32 in the tube main body 13 from
an external magnetic field. The high magnetic permea-
bility material 42 is made of permalloy, for instance, and
directly covers the outer periphery of the tube main body
13. The resin coating 44 covers the outer periphery of
the high magnetic permeability material 42. The resin
coating 44 fixes the high magnetic permeability material
42 to the photomultiplier tube 1.
[0074] The multi-anode type photomultiplier tube 1 of
this embodiment having the above structure operates as
follows.
[0075] Predetermined voltages are applied to the pho-
tocathode 20, the converging electrode plate 22, the an-
ode section 32, and the electron multiplying section 28
through the input/output pins 38. When light is incident
on a region of the faceplate 9 that corresponds to one
segment space N, photoelectrons, whose amount corre-
sponds to the amount of the incident light, are emitted
from the corresponding region of the photocathode 20.
These photoelectrons are converged by the converging
electrode plate 22 while traveling in the segment space
N, and then guided onto the corresponding dynode array
30 through the corresponding opening 24. The photo-
electrons are multiplied at each stage of the dynode array
30, and then collected by the corresponding anode elec-
trode 34 to be outputted as an output signal through the
input/output pins 38. This output signal indicates what
amount of light has impinged on a region of the faceplate
9 and which segment space N faces that region.
[0076] In this embodiment, the converging electrode
plate 22, the electron multiplying section 28, and the an-
ode section 32 are placed in the tube main body 13. The
magnetic shield 40 is provided on the outer periphery of
the tube main body 13. Therefore, the convergence and
multiplication of photoelectrons are performed precisely
without being affected by the external magnetic field.
[0077] In the multi-anode type photomultiplier tube 1
of this embodiment, the outside diameters W2 of the tube
head 17 and the faceplate 9 are larger than the outside
diameter W1 of the tube main body 13. The inside diam-
eter W2’ of the tube head 17 is also larger than the inside
diameter W1’ of the tube main body 13. Accordingly, the
effective photoelectric region K on the lower surface 9d
of the faceplate 9 can be increased, so that a large
amount of light can be guided onto the photocathode 20
for the photoelectrical conversion.
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[0078] In this embodiment, the outside radius of cur-
vature R2 at the curved corners 17b of the tube head 17
is smaller than the outside radius of curvature R1 at the
curved corners 13b of the tube main body 13. Addition-
ally, the inside radius of curvature R2’ at the curved cor-
ners 17b of the tube head 17 is smaller than the inside
radius of curvature R1’ at the curved corners 13b of the
tube main body 13. Therefore, the effective photoelectric
region K inside the curved corners 17b in the vicinity of
the curved corners 17b can be increased. As a result,
the area of a part of the photocathode 20 that is in the
vicinity of the curved corners 17b can be increased, so
that light reaching the vicinity of the curved corners 17b
can be effectively guided onto the photocathode 20.
[0079] The tube head 17 has large outside and inside
diameters and small radius of curvature at the curved
corners 17b, so that the mechanical strength of the tube
head 17 is low. However, the tube main body 13 having
small outside and inside diameters and large radius of
curvature at the curved corners 13b supports the tube
head 17. This structure enhances the overall strength of
the side tube 11. In addition, the length L1 of the tube
main body 13 in the tube axial direction is longer than
the length L2 of the tube head 17 in the tube axial direc-
tion, so that the overall strength of the side tube 11 is
further enhanced.
[0080] As described above, in this embodiment, the
size of the cross section of the tube head 17 perpendic-
ular to the tube axis is larger than the size of the cross
section of the tube main body 13 perpendicular to the
tube axis. The radiuses of curvature at the four curved
corners 17b of the tube head 17 are smaller than the
radiuses of curvature at the four curved corners 13b of
the tube main body 13. The length of the tube head 17
along the tube axis is shorter than the length of the tube
main body 13 along the tube axis. Therefore, by setting
the size of the tube head 17 and the radiuses of curvature
at the curved corners 17b to desired values according to
application and adjusting the length of the tube main body
13, the length of the tube head 17, the size of the tube
main body 13, and the radiuses of curvature at the curved
corners 13b as a function of the size of the tube head 17
and the radiuses of curvature at the curved corners 17b,
the overall mechanical strength of the side tube 11 can
be maintained at a sufficiently high level.
[0081] Next, a radiation detector 50 of the first embod-
iment will be described with reference to FIGS. 9 to 11.
[0082] FIG. 9 is a schematic plan view showing an ar-
rangement in which a plurality of radiation detectors 50
(three radiation detectors in FIG. 9) of this embodiment
are arranged adjacent to one another. FIG. 10 is a sec-
tional view of the plural radiation detectors 50 taken along
the line X-X in FIG. 9. FIG. 11 is an enlarged view of an
essential portion E shown in FIG. 10.
[0083] As shown in FIG. 10, a radiation detector 50
includes the multi-anode type photomultiplier tube 1 and
a scintillator matrix 52. The multi-anode type photomul-
tiplier tube 1 has the construction described with refer-

ence to FIGS. 2 and 3. In FIG. 10, the illustration of the
internal construction of the multi-anode type photomulti-
plier tube 1 is omitted for clarification purposes.
[0084] The scintillator matrix 52 generates scintillation
light in accordance with the radiation incident thereon.
As shown in FIGS. 9 and 10, the scintillator matrix 52 is
formed by two-dimensionally arranging a plurality of scin-
tillators 54 (36 scintillators in this embodiment) in a six
by six matrix manner. Each scintillator 54 has a rectan-
gular prismatic shape having a substantially square cross
section. The scintillator 54 has a substantially square out-
put surface (lower surface) 54d. When receiving incident
radiation, the scintillator 54 generates scintillation light
corresponding to the amount of the radiation and emits
the scintillation light from the output surface 54d as scat-
tered light.
[0085] The upper surface 9u of the faceplate 9 of the
multi-anode type photomultiplier tube 1 faces all the out-
put surfaces 54d of the scintillators 54 in the scintillator
matrix 52, and is bonded to all the output surfaces 54d.
[0086] FIG. 9 schematically shows a positional rela-
tionship between the effective photoelectric region K of
the faceplate 9 and 36 output surfaces 54d of the scin-
tillators 54 constituting the scintillator matrix 52. As seen
from FIG. 9, some scintillators 54 are positioned at the
outer periphery of the scintillator matrix 52 among the 36
scintillators 54 of the scintillator matrix 52, and face the
outer periphery of the tube head 17 through the outer
periphery of the faceplate 9. In particular, the scintillators
54 at four corners of the scintillator matrix 52 face the
four curved corners 17b of the tube head 17 through the
four curved corners 9b of the faceplate 9, respectively.
[0087] When a plurality of radiation detectors 50 are
arranged, it is necessary that the adjacent tube heads
17 be spaced away from one another by a minimum dis-
tance S without contacting one another directly. This is
because the adjacent tube heads 17 should be prevented
from colliding to each other to be damaged.
[0088] In this embodiment, the outside diameter W1
of the tube main body 13, the outside diameters W2 of
the faceplate 9 and the tube head 17, and the inside
diameter W2’ of the tube head 17 of the multi-anode type
photomultiplier tube 1 have the following relationship with
reference to the outside diameter W of the scintillator
matrix 52. The thickness of the magnetic shield 40 is set
as "M". The thickness M of the magnetic shield is larger
than the distance S.
[0089] The outside diameter W1 of the tube main body
13 is equal to the outside diameter W of the scintillator
matrix 52. The outside diameters W2 of the faceplate 9
and the tube head 17 are larger than the outside diameter
W1 of the tube main body 13 or the outside diameter W
of the scintillator matrix 52 by a difference (M-S) between
the thickness M of the magnetic shield 40 and the mini-
mum distance S. The inside diameter W2’ of the tube
head 17 is smaller than the outside diameter W2 by twice
of the thickness T2. In this example, "2xT2" is slightly
larger than (M-S), and therefore the inside diameter W2’
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of the tube head 17 is slightly smaller than the outside
diameter W of the scintillator matrix 52.
[0090] By arranging the radiation detectors 50 having
the above sizes so that adjacent magnetic shields 40
contact one another, adjacent tube heads 17 can be
spaced from one another by the minimum distance S, as
shown in FIG. 11. Accordingly, the adjacent scintillator
matrixes 52 are also spaced from one another by a cer-
tain distance equal to the thickness M of the magnetic
shield 40.
[0091] The outside diameters W2 of the faceplate 9
and the tube head 17 are larger than the outside diameter
W of the scintillator matrix 52. The inside diameter W2’
of the tube head 17 is slightly smaller than the outside
diameter W of the scintillator matrix 52. Accordingly, most
portions of the output surfaces 54d of those scintillators
54 that are located at the outer periphery of the scintillator
matrix 52 properly face the effective photoelectric region
K inside the tube head 17 as shown in FIG 9.
[0092] Additionally, in this embodiment, the radiuses
of curvature R2 and R2’ at the curved corners 17b have
desired small values. Accordingly, most portions of the
output surfaces 54d of those scintillators 54 that are lo-
cated at the four corners of the scintillator matrix 52 prop-
erly face the effective photoelectric region K inside the
curved corners 17b.
[0093] According to this embodiment, when the area
of the photocathode 20 is intended to increase, such as
when the number of the scintillators 54 in the scintillator
matrix 52 is intended to increase, it is sufficient to in-
crease the cross-sectional areas W2 and W2’ of the tube
head 17 and to set the radiuses of curvature R2 and R2’
at the curved corners 17b to desired values. In order to
maintain the overall strength of the side tube 11, the
length L1 of the tube main body 13, the length L2 of the
tube head 17, the cross-sectional areas W1 and W1’ of
the tube main body 13, and the radiuses of curvature R1
and R1’ at the curved corners 13b are adjusted in corre-
spondence with the cross-sectional areas W2 and W2’
of the tube head 17 and the radiuses of curvature R2 and
R2’ at the curved corners 17b. Accordingly, the side tube
11 can enhance the overall strength, while increasing the
area of the photocathode 20 and guiding light in the vi-
cinity of the curved corners 17b onto the photocathode
20 effectively.
[0094] The radiation detector 50 of this embodiment
having the above construction operates as follows.
[0095] When radiation (for example, gamma rays) is
incident on one scintillator 54 in one radiation detector
50, the scintillator 54 generates scintillation light. This
scintillation light outputs from the output surface 54d of
the scintillator 54 and impinges on the faceplate 9 of the
photomultiplier tube as scattered light, and is then con-
verted into photoelectrons by the photocathode 20. The
photoelectrons are multiplied by the electron multiplying
section 28, and then outputted as four output signals from
the anode section 32. A not-shown operating apparatus
(computer) receives these four output signals and calcu-

lates ratios among the four output signals, thereby ob-
taining the center of mass in these output signals. Refer-
ring to the result of the calculation, the scintillator 54 hav-
ing received the radiation is identified. Distribution of in-
cident positions of radiation can be detected over a wide
area because a plurality of radiation detectors 50 are
arranged adjacent to one another at regular intervals.
[0096] In this embodiment, because the outside diam-
eter W2 and the inside diameter W2’ of the tube head 17
are large, most parts of the output surfaces 54d of those
scintillators 54 that are located at the outer periphery of
the scintillator matrix 52 properly face the effective pho-
toelectric region K inside the tube head 17, that is, the
photocathode 20.
[0097] Additionally, most parts of the output surfaces
54d of the scintillators 54 that are located at the corners
of the scintillator matrix 52 properly face the photocath-
ode 20 inside the curved corners 17b of the tube head
17, because the radiuses of curvature (outside radius of
curvature R2 and inside radius of curvature R2’) at the
curved corners 17b of the tube head 17 are small.
[0098] Accordingly, it is possible to guide, onto the pho-
tocathode 20, almost the whole part of the light that is
outputted from peripheral scintillators 54 that are located
at the outer periphery of the scintillator matrix 52 as well
as the whole part of the light that is outputted from central
scintillators 54 that are located in the central portion of
the scintillator matrix 52. Thus, the photocathode 20 can
receive scintillation light from all the scintillators 54 sub-
stantially uniformly, and can detect radiation with a uni-
form sensitivity.
[0099] In this embodiment, the magnetic shield 40 is
provided on the outer periphery of the tube main body
13 having a smaller outside diameter of the side tube 11.
Therefore, the outside diameter W2 of the tube head 17
can increase up to a sum of the outside diameter W1 of
the tube main body 13 and the thickness M of the mag-
netic shield 40. Accordingly, the size of the photocathode
20 can be increased. Additionally, the entire side tube 11
including the magnetic shield 40 can have a substantially
flat lateral side, so that the side tube 11 is easy for han-
dling.
[0100] Next, a multi-anode type photomultiplier tube 1
and a radiation detector 50 according to a second em-
bodiment will be described.
[0101] First, the multi-anode type photomultiplier tube
1 according to this embodiment will be described with
reference to FIGS. 2 to 6 and 8.
[0102] The multi-anode type photomultiplier tube 1 ac-
cording to this embodiment is the same as the multi-an-
ode type photomultiplier tube 1 of the first embodiment
except for the cross-sectional shape of the tube head 17.
[0103] The multi-anode type photomultiplier tube 1 of
this embodiment has a construction shown in FIGS. 2
and 3. The glass vessel 5 in the multi-anode type photo-
multiplier tube 1 of this embodiment has an external
shape shown in FIG. 4, a section shown in FIG. 5, and
a top profile shown in FIG. 8. A cross-section of the tube
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main body 13 (the cross-section taken along the line VI-VI
of FIG. 5) has a shape shown in FIG. 6. However, a
cross-section of the tube head 17 (the cross-section tak-
en along the line VII-VII of FIG. 5) has a shape shown in
FIG. 12 instead of a shape shown in FIG. 7.
[0104] The cross-sectional shape of the tube head 17
in this embodiment will be described below with reference
to FIG. 12.
[0105] In this embodiment, the external shape of the
tube head 17 is the same as that of the tube head 17 of
the first embodiment (see FIG. 7). That is, the outer pe-
ripheral surface 17o connects each two adjacent curved
corners 17b at a length W2 (outside diameter of the tube
head 17) in a substantially straight line. The curved cor-
ners 17b are each curved with the radius of curvature
(outside radius of curvature) R2. The outside radius of
curvature R2 is smaller than the outside radius of curva-
ture R1 at the curved corners 13b of the tube main body
13. The outside diameter W2 is larger than the outside
diameter W1 of the tube main body 13.
[0106] The inner peripheral surface 17i of the tube
head 17 has a shape that attains a pin-cushion shape
that is thinning toward the curved corners 17b. That is,
the inner peripheral surface 17i of the tube head 17 con-
nects two adjacent curved corners 17b in a curved man-
ner. The inner peripheral surface 17i is spaced the far-
thest from the outer peripheral surface 17o at a midpoint
between the two adjacent curved corners 17b. The inner
peripheral surface 17i gradually approaches the outer
peripheral surface 17o as approaches toward the corre-
sponding curved corners 17b. Therefore, the thickness
T2 of the tube head 17 (distance between the outer pe-
ripheral surface 17o and the inner peripheral surface 17i)
has the maximum value T2max at the midpoint between
the two adjacent curved corners 17b. The thickness T2
of the tube head 17 gradually reduces as approaching
to the curved corners 17b. Accordingly, the inside radius
of curvature R2’ at the curved corners 17b of the inner
peripheral surface 17i is smaller than the outside radius
of curvature R2, thereby being smaller than the inside
radius of curvature R1’ of the tube main body 13. The
maximum value T2max of the thickness is substantially
equal to the thickness T1 of the tube main body 13. In
this embodiment, the maximum value T2max of the thick-
ness is substantially equal to the thickness T2 in the first
embodiment. In this embodiment, the inside diameter
W2’ is defined as "W2’=W2-2xT2max." The inside diam-
eter W2’ is larger than the inside diameter W1’ of the tube
main body 13.
[0107] The side tube 11 having the above shape is
produced by a method described below. First, an external
mold is prepared. The shape of the inner peripheral sur-
face of the external mold is identical to the shape of the
outer periphery of the side tube 11. Then, glass is injected
into the external mold so as to have a desired thickness,
so that the side tube 11 of this embodiment is formed.
The side tube 11 of this embodiment can be formed of
any one of soft glass and hard glass.

[0108] According to this embodiment, the inner periph-
eral surface 17i of the tube head 17 attains a shape that
is thinning toward the curved corners 17b. Therefore, the
area of a part of the effective photoelectric region K that
is in the vicinity of the curved corners 17b can be in-
creased compared with that of the first embodiment.
Therefore, light reaching the vicinity of the curved corners
17b can be effectively guided onto the photocathode 20
for the conversion into photoelectrons.
[0109] Next, a radiation detector 50 according to this
embodiment will be described.
[0110] The radiation detector 50 according to this em-
bodiment is the same as the radiation detector 50 of the
first embodiment of FIGS. 9 to 11 except for the usage
of the multi-anode type photomultiplier tube 1 according
to this embodiment.
[0111] In the radiation detector 50 according to this
embodiment, the tube head 17 has a cross-section
shown in FIG. 12. Accordingly, most parts of the output
surfaces 54d of the scintillators 54 that are located at the
corners of the scintillator matrix 52 properly face the pho-
tocathode 20 inside the curved corners 17b of the tube
head 17. As a result, photoelectric conversion of scintil-
lation light from all the scintillators 54 can be performed
uniformly, so that radiation can be detected with uniform
sensitivity.
[0112] Advantages provided by the multi-anode type
photomultiplier tube 1 and the radiation detector 50 of
the first and second embodiments will be described be-
low in detail in comparison with a multi-anode type pho-
tomultiplier tube and a radiation detector of a comparative
example.
[0113] First, a multi-anode type photomultiplier tube
101 of the comparative example will be described with
reference to FIGS. 13 and 14.
[0114] FIG. 13 is a plan view of the multi-anode type
photomultiplier tube 101 of the comparative example.
[0115] FIG. 14 is a sectional view taken along the line
XIV-XIV of FIG. 13.
[0116] As shown in FIGS. 13 and 14, the multi-anode
type photomultiplier tube 101 of the comparative example
is the same as the multi-anode type photomultiplier tube
1 of the first embodiment except for the shapes of a side
tube 111 and a faceplate 109. The side tube 111 is formed
only of a single tube 112. The tube 112 is connected to
a lower surface 109d of the faceplate 109. The tube 112
has a quadrangular prismatic hollow shape similar to the
tube main body 13 of the first and second embodiments.
[0117] As shown in FIG. 13, the cross section of the
tube 112 perpendicular to the tube axis is substantially
square. The tube 112 includes four planar sides 112a
and four curved corners 112b. The tube 112 has a sub-
stantially uniform thickness. The outside diameter of the
tube 112 is referred to as "Wc," the thickness of the tube
112 is referred to as "Tc," and the inside diameter of the
tube 112 is referred to as "Wc "’ (Wc’=Wc-2xTc). The
outside radius of curvature and the inside radius of cur-
vature at the curved corners 112b are referred to as "Rc"
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and "Rc"’, respectively. The outside radius of curvature
Rc is substantially equal to the inside radius of curvature
Rc’. Further, the outside diameter Wc is smaller than the
outside diameter R2 of the tube head 13 of the first and
second embodiments. The inside diameter Wc’ is smaller
than the inside diameter R2’ of the tube head 17 of the
first and second embodiments. The outside radius of cur-
vature Rc and the inside radius of curvature Rc’ are larger
than the outside radius of curvature R2 and the inside
radius of curvature R2’ of the first and second embodi-
ments, respectively.
[0118] The faceplate 109 has the same shape and size
as those of the external shape of the tube 112. That is,
the faceplate 109 is a plate having a substantially square.
The faceplate 109 includes: four curved corners 109b
having the radius of curvature Rc; and four side surfaces
109a connecting two adjacent curved corners 109b at a
length equal to the outside diameter Wc. A photocathode
120 is formed on the effective photoelectric region K that
is defined on the lower surface 109d of the faceplate 109
and inside the tube 112.
[0119] Further, a magnetic shield 40 covers the outer
periphery of the lower portion of the tube 112. The mag-
netic shield 40 includes a high magnetic permeability ma-
terial 42 and a resin coating 44 similarly to that of the first
and second embodiments.
[0120] Next, a radiation detector 150 of the compara-
tive example that includes the multi-anode type photom-
ultiplier tube 101 of the comparative example will be de-
scribed with reference to FIGS. 15 to 17.
[0121] FIG. 15 is a schematic plan view showing an
arrangement in which a plurality of radiation detectors
150 of the comparative example are arranged one-di-
mensionally adjacent to one another. FIG. 16 is a sec-
tional view taken along the line XVI-XVI of FIG. 15. FIG.
17 is an enlarged view of an essential portion H shown
in FIG. 16.
[0122] In the radiation detector 150 of the comparative
example, a scintillator matrix 52 is bonded to the face-
plate 109 of the multi-anode type photomultiplier tube
101 of the comparative example. The multi-anode type
photomultiplier tube 101 has the construction described
with reference to FIGS. 13 and 14. FIG. 16 omits an in-
ternal construction of the multi-anode type photomultipli-
er tube 101.
[0123] FIG. 15 is a view similar to FIG. 9, and sche-
matically shows a positional relationship between the
output surfaces 54d of 36 scintillators 54 constituting the
scintillator matrix 52 and the effective photoelectric re-
gion K of the faceplate 109. As seen from FIG. 15, in the
radiation detector 150 of the comparative example, the
scintillators 54 at the outer periphery of the scintillator
matrix 52 face the outer periphery of the tube 112 through
the outer periphery of the faceplate 109 of the multi-an-
ode type photomultiplier tube 101, similarly to those of
the first and second embodiments. In particular, the scin-
tillators 54 at four corners of the scintillator matrix 52 face
the four curved corners 112b of the tube 112 through the

four curved corners 109b of the faceplate 109 in the mul-
ti-anode type photomultiplier tube 101.
[0124] Here, in the comparative example, the outside
diameters Wc of the faceplate 109 and the tube 112 and
the inside diameter Wc’ of the tube 112 have the following
relationship with respect to the outside diameter W (39
mm, for instance) of the scintillator matrix 52 and the
thickness M of the magnetic shield 40.
[0125] The outside diameters Wc of the faceplate 109
and the tube 112 are equal to the outside diameter W of
the scintillator matrix 52. The inside diameter Wc’ of the
tube 112 is smaller than the outside diameter Wc by twice
as large as the thickness Tc. Therefore, the inside diam-
eter Wc’ is smaller than the outside diameter W of the
scintillator matrix 52 by "2xTc".
[0126] When the radiation detectors 150 of the com-
parative example having the above sizes are arranged
so that the adjacent magnetic shields 40 contact with one
another, adjacent tubes 112 are spaced away by the dis-
tance equal to the thickness M of the magnetic shield 40,
as shown in FIG. 17. It is sufficient that the adjacent tubes
112 be spaced away by the minimum distance S, and
therefore a dead space corresponding to (M-S) is gen-
erated. Additionally, the outside diameters Wc of the
faceplate 109 and the tube 112 are equal to the outside
diameter W of the scintillator matrix 52. The inside diam-
eter Wc’ of the tube 112 is considerably smaller than the
outside diameter W of the scintillator matrix 52. There-
fore, as shown in FIG. 15, large portions of the output
surfaces 54d of those scintillators 54 that are located at
the outer periphery of the scintillator matrix 52 do not face
the effective photoelectric region K inside the tube 112.
The radiuses of curvature Rc and Rc’ of the curved cor-
ners 112b are large. Accordingly, large portions of the
output surfaces 54d of those scintillators 54 that are lo-
cated at the four corners of the scintillator matrix 52 do
not face the effective photoelectric region K inside the
curved corners 112b.
[0127] As described above, in the comparative exam-
ple, the outside diameter Wc of the tube 112 is equal to
the outside diameter W of the scintillator matrix 52. In
contrast, in the first and second embodiments, the out-
side diameter W1 of the tube main body 13 is equal to
the outside diameter W of the scintillator matrix 52, and
the outside diameter W2 of the tube head 17 is larger
than the outside diameter W of the scintillator matrix 52.
Accordingly, the outside diameter W2 of the tube head
17 in the first and second embodiments is larger than the
outside diameter Wc of the tube 112 of the comparative
example. Additionally, the inside diameter W2’ of the tube
head 17 in the first and second embodiments is larger
than the inside diameter Wc’ of the tube 112 of the com-
parative example. Furthermore, the radiuses of curvature
R2 and R2’ at the curved corners 17b of the tube head
17 in the first and second embodiments are smaller than
the radiuses of curvature Rc and Rc’ at the curved cor-
ners 112b of the comparative example.
[0128] Next will be described with reference to FIGS.
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18 and 19 advantages of the first and second embodi-
ments in which the outside diameter W2 of the tube head
17 is larger than the outside diameter Wc of the compar-
ative example, the inside diameter W2’ of the tube head
17 is larger than the inside diameter Wc’ of the compar-
ative example, and the radiuses of curvature R2 and R2’
at the curved corners 17b of the tube head 17 are smaller
than the radiuses of curvature Rc and Rc’ at the curved
corners 112b of the comparative example.
[0129] FIG. 18 shows the effective photoelectric region
K of the multi-anode type photomultiplier tube 1 in each
of the first and second embodiments, comparing with the
effective photoelectric region K of the comparative ex-
ample. When the effective photoelectric region K of the
comparative example is assumed as "100%", the effec-
tive photoelectric region K in the first embodiment is
110%, and the effective photoelectric region K in the sec-
ond embodiment is increased up to 114%.
[0130] As described above, in the multi-anode type
photomultiplier tube 1 of each of the first and second
embodiments, the effective photoelectric region K can
be increased in comparison with that of the comparative
example. In particular, in the second embodiment, the
inner peripheral surface 17i of the tube head 17 attains
a pin-cushion shape that is thinning toward the curved
corners 17b. Accordingly, the effective photoelectric re-
gion K inside the curved corners 17b in the vicinity of the
curved corners 17b can be further increased.
[0131] FIG. 19 shows a positional relationship be-
tween the output surfaces 54d of the scintillators 54 in
the scintillator matrix 52 and the effective photoelectric
region K in each of the first second embodiments and
the comparative example shown in FIG. 18. The ratio
(percentage) of the area of a part of the output surface
54d of each scintillator that faces the effective photoe-
lectric region K relative to the area of the entire part of
the output surface 54d is designated as the "scintillator
effective area ratio" for the subject scintillator hereinafter.
FIG. 19 shows the values of the scintillator effective area
ratios for four scintillators 54 that are located in the vicinity
of one corner of the scintillator matrix 52.
[0132] As seen from FIG. 19, in the comparative ex-
ample, the outside diameter Wc of the tube 112 is equal
to the outside diameter W of the scintillator matrix 52.
Accordingly, the scintillator effective area ratio is signifi-
cantly lowered at the scintillators 54 that are located at
the outer periphery of the scintillator matrix 52. Further-
more, the radiuses of curvature Rc and Rc’ at the curved
corners 112b are large. Accordingly, the scintillator ef-
fective area ratio is further lowered in the vicinity of the
curved corners 112b. Accordingly, in the comparative ex-
ample, the sensitivity is significantly different between
the central portion of the scintillator matrix 52 and the
outer peripheral portion (corners, in particular) of the scin-
tillator matrix 52.
[0133] In contrast, in the first embodiment, the outside
diameter W2 of the tube head 17 is larger than the outside
diameter W of the scintillator matrix 52. Accordingly, the

scintillator effective area ratio of the scintillator 54 at the
outer periphery of the scintillator matrix 52 becomes larg-
er than that of the comparative example. In addition, the
radiuses of curvature R2 and R2’ of the curved corners
17b are small. Accordingly, the scintillator effective area
ratio in the vicinity of the curved corners 17b becomes
significantly larger than that of the comparative example.
Therefore, the sensitivity is substantially uniform at all of
the central portion, the outer peripheral portion, and the
corners of the scintillator matrix 52. In particular, in the
second embodiment, the scintillator effective area ratio
in the vicinity of the curved corners 17b is further im-
proved. Accordingly, the sensitivity becomes further uni-
form at all of the center portion, the outer peripheral por-
tion, and the corners of the scintillator matrix 52.
[0134] As described above, in the first and second em-
bodiments, each scintillator 54 has substantially a uni-
form large amount of ratio, of the area of a part of the
output surface 54d that faces the photocathode 20, rel-
ative to the area of the entire part of the output surface
54d. Accordingly, the photocathode 20 is capable of re-
ceiving scintillation light from all the scintillators 54 at a
substantially uniform ratio and is capable of detecting
radiation with substantially uniform sensitivity.
[0135] Next, it is assumed that the multi-anode type
photomultiplier tube 101 of the comparative example
does not have the magnetic shield 40. It is also assumed
that the outside diameter Wc of the tube 112 of the com-
parative example is equal to the outside diameter W2 of
the tube head 17 in the first and second embodiments.
That is, it is assumed that the outside diameter Wc is
greater than the outside diameter W of the scintillator
matrix 52 by (M-S). In this case, when the radiation de-
tectors 150 of the comparative example are arranged so
that adjacent scintillator matrixes 52 are spaced apart
from one another by the distance M similarly to the first
and second embodiments, the adjacent tubes 112 are
spaced away from one another by the minimum distance
S. However, by making the radiuses of curvature R2 and
R2’ at the curved corners 17b of the tube head 17 in each
of the first and second embodiments smaller than the
radiuses of curvature Rc and Rc’ at the curved corners
112b of the comparative example, it is possible to make
the effective photoelectric region K in each of the first
and second embodiments larger than that of the com-
parative example and to make the scintillator effective
area ratios of all the scintillators in the first and second
embodiments more uniform than those of the compara-
tive example.
[0136] In more detail, assume that the outside diame-
ter W2 of the tube head 17 in each of the first and second
embodiments is equal to the outside diameter Wc in the
comparative example and that the inside diameter W2’
of the tube head 17 is equal to the inside diameter Wc’
in the comparative example. In this example, if the radi-
uses of curvature R2 and R2’ at the curved corners 17b
of the tube head 17 in each of the first and second em-
bodiments are smaller than the radiuses of curvature Rc
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and Rc’ at the curved corners 112b in the comparative
example, the effective photoelectric regions K in the first
and second embodiments will become 104% and 108%,
respectively, in comparison with the effective photoelec-
tric region K (100%) in the comparative example as
shown in FIG 20. Further, the scintillator effective area
ratios in the vicinity of the curved corners 17b in the first
and second embodiments will become larger than those
of the comparative example as shown in FIG. 21.
[0137] The multi-anode type photomultiplier tube and
the radiation detector according to the present invention
are not limited to the embodiments described above. Var-
ious modifications and changes can be made without de-
parting from the scope of the inventions.
[0138] For instance, the shape of the faceplate and the
cross-sectional shapes of the tube head and the tube
main body are not limited to squares so long as these
shapes are substantially quadrangular. For instance,
these shapes may be substantially rectangular.
[0139] The thickness of the tube head may be thinner
than the thickness of the tube main body.
[0140] In the first embodiment, the thickness T2 of the
tube head 17 may be slightly reduced in the vicinity of
the curved corners 17b. The inside radius of curvature
R2’ may be slightly smaller than the outside radius of
curvature R2. Similarly, the thickness T1 of the tube main
body 13 may be slightly reduced in the vicinity of the
curved corners 13b. The inside radius of curvature R1’
may be slightly smaller than the outside radius of curva-
ture R1.
[0141] The multi-anode type photomultiplier tube is not
limited to the two by two type, and may be of any types
in which any numbers of dynode arrays and anode elec-
trodes are arranged.
[0142] Each dynode array is not limited to the linear
focus type but can be of any other type.
[0143] A plurality of radiation detectors may be ar-
ranged in a two-dimensional manner or a three-dimen-
sional manner instead of the one-dimensional manner.
[0144] The multi-anode type photomultiplier tube may
not be provided with the magnetic shield.
[0145] The multi-anode type photomultiplier tube may
be used for any devices other than the radiation detector.

INDUSTRIAL APPLICABILITY

[0146] The multi-anode type photomultiplier tube and
the radiation detector according to the present invention
are widely used as a positron emission tomography in
the medical field. In addition, the present invention can
be used in various fields such as other radiation detection
and photodetection.

Claims

1. A multi-anode type photomultiplier tube comprising:

a faceplate made from glass; and
a hollow side tube made from glass and con-
nected to one surface of the faceplate, the side
tube extending along a tube axis that is substan-
tially perpendicular to the faceplate, a photo-
cathode for emitting photoelectrons according
to light incident on the faceplate being provided
on the one surface of the faceplate in a region
inside the side tube, a plurality of electron mul-
tiplying sections and a plurality of anode elec-
trodes being provided inside the side tube in cor-
respondence with a plurality of regions on the
photocathode,
wherein
the side tube includes a tube head, a fun-
nel-shaped connection neck, and a tube main
body which are arranged integrally along the
tube axis,
the tube main body has a substantially quadran-
gular prismatic hollow shape with four first
curved corners, the tube main body extends
along the tube axis by a first length, the tube
main body has a first size of cross section sub-
stantially perpendicular to the tube axis, each of
the four first curved corners is curved with a first
radius of curvature,
the tube head has a substantially quadrangular
prismatic hollow shape with four second curved
corners, the tube head extends along the tube
axis by a second length, the tube head has a
second size of cross section substantially per-
pendicular to the tube axis, each of the four sec-
ond curved corners is curved with a second ra-
dius of curvature, the second length is shorter
than the first length, the second size is larger
than the first size, the second radius of curvature
is smaller than the first radius of curvature,
the funnel-shaped connection neck connects
the tube head to the tube main body coaxially,
the tube head is connected to the one surface
of the faceplate, the photocathode is provided
on the one surface of the faceplate in a region
inside the tube head, and
the plurality of electron multiplying sections and
the plurality of anode electrodes are provided
inside the tube main body.

2. The multi-anode type photomultiplier tube according
to claim 1, wherein
the tube head includes an outer peripheral surface
and an inner peripheral surface,
the outer peripheral surface connects each two ad-
jacent second curved corners with a substantially
straight line,
the inner peripheral surface connects each two ad-
jacent second curved corners with a curved line, and
the inner peripheral surface gradually approaches
the outer peripheral surface from a substantially cen-
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tral position between the two adjacent second curved
corners towards each of the two adjacent second
curved corners.

3. The multi-anode type photomultiplier tube according
to claim 1, further comprising:

a converging electrode plate converging the
photoelectrons emitted from the photocathode;
and
a partition plate dividing an electron converging
space defined between the photocathode and
the converging electrode plate into a plurality of
segment-spaces corresponding to the plurality
of regions on the photocathode, wherein
each electron multiplying section receives the
photoelectrons converged by the converging
electrode plate in the corresponding one of the
plurality of segment-spaces,
the partition plate extends from the tube head
into the tube main body through the fun-
nel-shaped connection neck in the side tube,
the converging electrode plate, the plurality of
electron multiplying sections, and the plurality
of anode electrodes are located in the tube main
body, and
a magnetic shield is provided on an outer pe-
riphery of the tube main body.

4. A radiation detector comprising:

a scintillator matrix that includes a plurality of
scintillators arranged in a two-dimensional ma-
trix manner, each scintillator having an output
surface, and each scintillator generating scintil-
lation light in accordance with radiation incident
on the scintillator and emitting the scintillation
light from the output surface; and
a multi-anode type photomultiplier tube for de-
tecting the scintillation light emitted from each
scintillator of the scintillator matrix, wherein
the multi-anode type photomultiplier tube in-
cludes:

a faceplate made from glass; and a hollow
side tube made from glass and connected
to one surface of the faceplate, the side tube
extending along a tube axis that is substan-
tially perpendicular to the faceplate, another
surface of the faceplate opposite to the one
surface facing all of the output surfaces of
the plurality of scintillators in the scintillator
matrix, a photocathode for emitting photo-
electrons according to scintillation light in-
cident on the faceplate being provided on
the one surface of the faceplate in a region
inside the side tube, and a plurality of elec-
tron multiplying sections and a plurality of

anode electrodes being provided inside the
side tube in correspondence with a plurality
of regions on the photocathode,
wherein
the side tube includes a tube head, a fun-
nel-shaped connection neck, and a tube
main body which are arranged integrally
along the tube axis,
the tube main body has a substantially
quadrangular prismatic hollow shape with
four first curved corners, the tube main body
extends along the tube axis by a first length,
the tube main body has a first size of cross
section substantially perpendicular to the
tube axis, each of the four first curved cor-
ners is curved with a first radius of curvature,
the tube head has a substantially quadran-
gular prismatic hollow shape with four sec-
ond curved corners, the tube head extends
along the tube axis by a second length, the
tube head has a second size of cross sec-
tion substantially perpendicular to the tube
axis, each of the four second curved corners
is curved with a second radius of curvature,
the second length is shorter than the first
length, the second size is larger than the
first size, the second radius of curvature is
smaller than the first radius of curvature,
the funnel-shaped connection neck con-
nects the tube head to the tube main body
coaxially,
the tube head is connected to the one sur-
face of the faceplate, the photocathode is
provided on the one surface of the faceplate
in a region inside the tube head, and
the plurality of electron multiplying sections
and the plurality of anode electrodes are
provided inside the tube main body.
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