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Description
TECHNICAL FIELD

[0001] The present invention relates to a charged par-
ticle radiation measuring method and a charged particle
radiation measuring device.

BACKGROUND ART

[0002] Advanced medicine using radiation-generating
devices, such as heavy-particle therapy devices, and fun-
damental testing at accelerator facilities associated
therewith require the precise and continuous measure-
ment of the radiation doses and energies of charged par-
ticles under high radiation density conditions. In addition
thereto, in the event of accidents at nuclear power facil-
ities such as nuclear power plants or the like that make
use of nuclear fission, as well as in the reactor environ-
ments inside nuclear fusion reactors, the development
of which has progressed in recent years, radiation meas-
uring equipment must be installed in high-temperature,
high-environmental-load and high-radiation environ-
ments in order to take measurements.

[0003] The ion beams generated by accelerator facil-
ities and the radiation from nuclear power facilities is gen-
erally of high density, and in charged particle-irradiated
environments in which the surrounding environment is
also at a high temperature, most radiation measuring
equipment must be highly reliable.

[0004] When taking such measurements, scintillation-
type detectors using scintillators are used, and the dura-
bility and luminous efficiency of the luminescent material
parts that convert radiation to light are extremely impor-
tant. Scintillators are substances that generate light when
radiation impinges thereon, and they are used in positron
emission tomography (PET) devices and inindustrial ap-
plications as well as in the aforementioned radiation
measurement applications and in accelerator facilities
such as those used in heavy-particle therapy. In current
o-ray measuring equipment, materials such as ZnS:Ag,
Cuandthe like are widely used for the luminous efficiency
thereof (see Patent Document 1, Patent Document 2 or
Non-Patent Document 1).

[0005] However, the scintillator materials such as
ZnS:Ag,Cuthatare currently used are notrecommended
for use at a temperature range of approximately 100 °C
or higher. For this reason, the properties of the materials
are not suitable for radiation measurement in nuclear
power facilities, for which they would be expected to be
used in high-temperature environments.

[0006] Moreover, ZnS:Ag,Cu and the like have the
problem that the luminous intensities thereof are signifi-
cantly degraded by high-density radiation, and thus, they
require frequent replacement.
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RELATED ART DOCUMENTS
PATENT DOCUMENTS
[0007]

Patent Document 1: JP 2007-70496 A
Patent Document 2: JP 2010-127862 A

NON-PATENT DOCUMENTS

[0008] Non-Patent Document 1: Transactions of the
Materials Research Society of Japan, Vol. 38, No. 3,
2013, pp. 443-446.

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] The degradation caused by radiation at nuclear
power facilities adversely affects the dose measure-
ments of said radiation, and poses a problem for reliabil-
ity. Additionally, high-density charged particle irradiation
is also to be expected in accelerator facilities and in med-
ical installations such as heavy-particle therapy facilities
making use thereof. There are still problems that need
to be addressed in radiation measuring equipment mak-
ing use of existing scintillators, such as the problem of
ensuring high performance in the beam quality of such
equipment and in that the decrease in work efficiency
due to replacement procedures significantly inhibits the
operating efficiency of accelerator devices.

[0010] With the existing scintillator materials (ZnS:Ag,
Cu) that are widely used in conventional scintillator-type
charged particle (a-ray) detectors, prolonged instaliment
in high-temperature environments exceeding one hun-
dred and a few tens of degrees (°C) resulted in problems
such as not being able to precisely measure the doses
of the charged particles over long periods of time, and
even for the measured doses, not being able to take pre-
cise measurements thereof.

[0011] Meanwhile, in beam monitor measurement ap-
plications for charged particle beams generated by ac-
celerator facilities or the like, high-density ion currents
are to be expected. With existing scintillator materials
(ZnS:Ag,Cu), there is significant attenuation in the light
output, and replacement becomes necessary, for exam-
ple, when the cumulative number of ions exceeds 1015
per square cm (hereinafter expressed as 1075
[ions/cm?2]). Additionally, even for measurements before
that number is reached, it is necessary to account for the
degradation in the luminous efficiency in order to deter-
mine the radiation dose from the light output, so precise
measurements cannot be made.

[0012] These problems are relevantto the fields of fun-
damental and applied physics relating to radiation meas-
uring equipment for measuring a-rays in nuclear power
facilities, advanced medical device installations making
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use of radiation generating devices such as heavy-par-
ticle therapy devices, and other accelerator facilities as-
sociated with the use of charged particles, as well as to
the field of industrial equipment having compact accel-
erator mechanisms such as ion implantation devices.
[0013] The present invention was made in considera-
tion ofthe above-described background, and has the pur-
pose of providing highly heat-resistant and radiation-re-
sistant radiation measuring equipment.

MEANS FOR SOLVING THE PROBLEMS

[0014] The present invention provides a charged par-
ticle radiation measuring method using a scintillator com-
prising a phosphor in which the main component is a
SIAION phosphor.

[0015] The present invention provides a charged par-
ticle radiation measuring device comprising a scintillator
comprising a phosphor in which the main component is
a SIAION phosphor; an optical component that selective-
ly collects light from the scintillator; and a measuring por-
tion that reads out light induced by radiation.

[0016] Inoneembodimentofthe presentinvention, the
above-mentioned SiAION phosphor is a phosphor in
which the main componentis a -type SIAION represent-
ed by the generalformula: Eu, Sig ,Al,O,Ng_,, where 0.01
<x<0.5and 0<z<4.2, and having an Eu luminescence
center.

[0017] Inoneembodimentofthe presentinvention, the
above-mentioned SiAION phosphor is a phosphor in
which the main component is an a-type SIAION repre-
sented by the general formula:
My Sio.(menyAlimen)OnN16.n, Where M includes at least
one element chosen from among Li, Ca, Mg, Y and lan-
thanides, with the exception of La and Ce, and at least
one luminescence center chosen from among Eu, Ce,
Tb, Yb, Sm, Dy, Er and Pr, where y = m/p, in which p is
the valence of M, andwhere 0.3<m<4.5and0<n<2.5.

EFFECTS OF THE INVENTION

[0018] According to the presentinvention, highly heat-
resistant and radiation-resistant radiation measuring
equipment can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1is a schematic structural diagram of a radiation
dose measuring device according to one embodi-
ment of the present invention.

Fig. 2 is an example of beam measurement in a ra-
diation dose measuring device according to an ex-
ample.

Fig. 3 is an example of wavelength measurementin
a radiation dose measuring device according to an
example.
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Fig. 4is an example wherein the radiation resistance
of a radiation dose measuring device was tested by
means of high-density radiation.

MODES FOR CARRYING OUT THE INVENTION

[0020] Hereinbelow, embodiments of the charged par-
ticle radiation measuring method and the charged parti-
cle radiation measuring device according to the present
invention will be explained with reference to the attached
drawings. However, it should be clear that the present
invention is not limited to these embodiments.

[0021] The charged particle radiation measuring meth-
od and the charged particle radiation measuring device
according to the present embodiment use, as scintillator
materials, phosphors in which the main component is a
SIAION phosphor.

[0022] SIiAION phosphors are representative oxyni-
tride phosphors. They are phosphors having lumines-
cence centers that are activated by using, as the host
crystal, SIAION, which was developed as an engineering
ceramic that maintains good mechanical properties at
high temperatures. There are two types that differ in their
crystal structures.

[0023] p-type SIAION is a green-emitting phosphor
represented by the general formula:

Eu,Si1g ,ALO,Ng_,, where 0.01<x<0.5and0<z<4.2,
and having an Eu luminescence center.

a-type SIAION is a phosphor represented by the general
formula:

My Si1o.(menyAlimen)OnN16.n, Where M includes at least
one element chosen from among Li, Ca, Mg, Y and lan-
thanides, with the exception of La and Ce, and at least
one luminescence center chosen from among Eu, Ce,
Tb, Yb, Sm, Dy, Er and Pr, where y = m/p, in which p is
thevalenceof M, andwhere 0.3<m<4.5and0<n<2.5.
[0024] It is known that when these SIAION phosphors
are used as phosphors in white LED devices in which
luminescence occurs by excitation with blue light from a
blue LED chip, the luminescence intensity is not reduced
by much even if the environmental temperature rises to
300 °C, and degradation is not observed even when the
phosphors are left in a high-temperature, humidity-resist-
ant (85 °C, 85% relative humidity) environment.

[0025] The present inventors discovered that SIAION
phosphors have extremely low susceptibility to degrada-
tion in high-temperature environments and by irradiation
with high-density radiation compared with existing scin-
tillator materials such as ZnS:Ag,Cu phosphors and the
like.

[0026] Intheradiation measuring equipmentaccording
to the present embodiment, the luminescence spectrum
of light induced by radiation in the highly heat-resistant
and radiation-resistant SIAION phosphor is preferably
adjusted so that the peak wavelength is a wavelength at
which a light sensor has high quantum efficiency.
[0027] The charged particle radiation measuring de-
vice according to the present embodiment comprises a
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scintillator comprising a phosphor in which the main com-
ponent is a SIAION phosphor; an optical component that
selectively collects light from the scintillator; and a meas-
uring portion that reads out light induced by radiation.
[0028] The radiation measuring equipment according
to the present embodiment may be formed by combining
a mechanical component, such as a holder that holds
and fixes the SIAION phosphor, in a form such as a pow-
der, a sintered compact, a single crystal or a thin film; an
optical component that selectively collects the radiation-
induced light from the scintillator; and a measuring por-
tion, such as camera equipment, an avalanche photodi-
ode (APD), a photomultiplier tube (PMT), aCCD element
or a photodicde (PD), that reads the photons induced by
primary radiation.

[0029] Fig. 1 is an example of a schematic structural
diagram showing radiation measuring equipment. The
radiation from an accelerator facility is used as the pri-
mary radiation.

[0030] The emission wavelength can be adjusted by
changing the composition of the SIAION phosphor con-
stituting the scintillator, thereby improving the readout
efficiency in the measuring equipment.

[0031] Fora-raysinenvironmental radiation or the like,
the radiation source is notasingle point, butrather arrives
from all directions so as to surround the scintillator ma-
terial. The scintillator material and the mechanical com-
ponent, optical component and measuring portion asso-
ciated therewith may be configured in the same manner
as that shown in Fig. 1.

[0032] Additionally, since the mechanical component,
the optical component and the measuring portion must
have a geometric structure and arrangement that are
suitable for the measurementtarget, the structures there-
of may take various forms depending on the purpose. By
using one-dimensional or two-dimensional measuring
equipment in the measuring portion, the mode of obser-
vation may be changed.

[0033] According to the present invention, charged
particle measurements can be made in high-tempera-
ture, high-load environments, even for measuring radia-
tion from radiation sources other than radiation generat-
ing devices, using basically the same structural ele-
ments, though the structure of the radiation measuring
equipment will differ.

[0034] Although the heat-resistance performance of
the components used in the measuring equipment could
raise problems, structural changes cannot occur in the
SIAION phosphor even at high temperatures. Thus, by
combining the SIAION phosphor with structural materials
as well as an optical component and a measuring portion
that are appropriate, it is possible to improve the operat-
ing temperature range of the radiation measuring equip-
ment, which has higher radiation resistance than con-
ventional devices. As a result thereof, it is possible to
prolong the life spans of a-ray measuring equipment hav-
ing the purpose of performing normal radioactive con-
tamination tests, and to realize and provide radiation
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measuring equipment for measuring o-rays inside nucle-
ar power facilities or the like, where high-temperature
resistance is required.

[0035] The charged particle radiation measuring meth-
od and the charged particle radiation measuring device
according to the present embodiment may be used as a)
radiation measuring equipment for measuring o-rays,
used in nuclear power facilities, that take measurements
by means of scintillation; b) beam monitors and radiation
meters that are used for measuring beam quality in ra-
diation generating devices (accelerators) in heavy-parti-
cle or cation therapy devices; or ¢) beam quality meas-
uring devices or the like in other accelerator facilities that
are associated with the use of charged particles, or in
industrial equipment having compact accelerator mech-
anisms such as industrial ion implantation devices.
[0036] Inthe charged particle radiation measuring de-
vice according to the present embodiment, by using a
phosphor inwhich the main componentis a SIAION phos-
phor as a novel scintillator material, which is a radia-
tion/light conversion material, it is possible to provide a
highly heat-resistant and radiation-resistant radiation
measuring device that comprisesthe scintillator material,
a mechanical component that holds and fixes the scintil-
lator material and an optical component that selectively
collects light from the scintillator, and a measuring portion
that reads out radiation-induced light.

[0037] Asdescribed above, duetothe charged particle
radiation measuring method and the charged particle ra-
diation measuring device according to the present em-
bodiment, it is possible to provide a radiation meter that
can measure charged particle radiation dosesregardless
of the environment, and that can be used for a longer life
span than conventional devices, even under conditions
in which the temperature is in the hundreds of degrees
(°C)orathighradiationdoses suchasinfocused charged
particle irradiated environments in which it was conven-
tionally difficult to use charged particle radiation meters.

EXAMPLES

[0038] Hereinbelow, examples of the presentinvention
will be described.

(Example 1)

[0039] A B-type SIAION:Eu powder (manufactured by
Denka, GR-200 grade, p-type SIAION, average particle
size: 21 pm) was dispersed in water glass, then coated
onto and evenly fixed to a carbon plate, to a coating film
thickness of 10 wm or less, to produce a scintillator. This
scintillator was mounted on radiation measuring equip-
ment as shown in Fig. 1, and a charged particle irradiation
test was performed thereon.

[0040] From an adjacent accelerator facility, a 3 MeV
H* (proton) focused ion beam was directed so as to con-
tinuously irradiate a localized (400 pm X 400 wm) target.
[0041] With the radiation measuring equipment of the
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present invention, it is possible to measure the distribu-
tion and intensity of the primary radiation by means of
the spatial distribution or wavelength distribution of light.
Fig. 2 shows an example of beam measurement using
the radiation measuring equipment. Fig. 3 shows the re-
sults of measurement of the spectrum and luminescence
intensity of light generated by excitation by charged par-
ticles.

(Example 2)

[0042] Using an a-type SIAION:Eu powder (manufac-
tured by Denka, YL-600A grade, a-type SIAION, average
particle size: 15 pm), a scintillator was produced using
the same method as that in Example 1, and a charged
particle irradiation test was performed thereon.

(Comparative Example 1)

[0043] As Comparative Example 1, charged particle
irradiation tests were performed under the same condi-
tions asthosein Example 1, but usinga ZnS:Ag phosphor
powder instead of the above-mentioned [-type
SIAION:Eu powder.

[0044] Fig. 3 shows measurement results for the spec-
tra and luminescence intensities of Examples 1 and 2
and Comparative Example 1 at the time of commence-
ment of the tests. When exposed to the same radiation
dose, atthe time of commencement of the tests, charged-
particle-excited luminescence of about the same lumi-
nescence intensity as that in Comparative Example 1
using ZnS:Ag was observed, at slightly longer wave-
lengths, in Example 1 using the B-type SIAION:Eu phos-
phor. The luminescence wavelength of the p-type
SIAION:Eu phosphor was more favorable in that the
quantum efficiency of the optical sensor was higher at
that wavelength as compared to the luminescence wave-
length of ZnS:Ag.

[0045] Additionally, in Example 2 using a-type SiAION,
charged-particle-excited luminescence was observed at
longer wavelengths than in p-type SIAION. The lumines-
cence intensity for a-type SIAION was lower than that for
B-type SIAION, but about the same value was obtained
when integrating the luminescence intensity over the lu-
minescence spectrum.

[0046] Fig. 4 shows the results of high-density irradia-
tion tests of radiation measuring equipment using Exam-
ples 1 and 2, and Comparative Example 1. The charged
particle doses are indicated on the horizontal axis and
the luminescence intensities at the same radiation inten-
sities are shown on the vertical axis.

[0047] Itcanbe seenthat, asthe charged particle dose
increases, the luminescence intensity of Comparative
Example 1, which uses ZnS:Ag, attenuates significantly.
In contrast thereto, in the case of Example 1, which uses
a pB-type SIAION:Eu phosphor, attenuation of the lumi-
nescence intensity is not observed, and it can be con-
firmed that the fluorescence properties are not degraded
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by high-density radiation. In Example 2, which uses an
a-type SIAION:Eu phosphor, attenuation of the lumines-
cence intensity was observed, but it can be seen that the
attenuation was small in comparison to Comparative Ex-
ample 1, which uses ZnS:Ag.

[0048] From the above results, it can be understood
that the charged particle radiation measuring method us-
inga SIAION phosphor according to the presentinvention
is fully capable of being used in a highly heat-resistant
and radiation-resistant radiation meter. As aresult there-
of, measurements of radiation intensity and dose based
on luminescence intensity can be made for a long period
of time by using the output from the measuring portion
of the radiation meter, which utilizes a SIAION phosphor.
[0049] Furthermore, as shown in Fig. 2, it is possible
to measure a beam spotin two dimensions, and to meas-
ure the distribution of the primary radiation.

[0050] Inthe present example, the radiation source is
radiation from an accelerator facility, so the test is a highly
accelerated test in which the measurement time is only
about a few hours. However, for a-rays in environmental
radiation or the like, such numbers mean that the device
would be highly resistant even to degradation on the or-
der of years. Additionally, since the fluorescence prop-
erties of SIAION are maintained even under conditions
in which charged particles are continually heated in a
localized area, the present invention can be used even
in high-temperature environments of hundreds of de-
grees (°C).

Claims

1. A charged particle radiation measuring method us-
ing a scintillator comprising a phosphor in which the
main component is a SIAION phosphor.

2. Thecharged particle radiation measuring method as
in claim 1, wherein the SIAION phosphor is a phos-
phor in which the main componentis a p-type SiAION
represented by the general formula:
Eu,Sig,AlLO,Ng ,, where 0.01 <x<0.5and0<z<
4.2, and having an Eu luminescence center.

3. Thecharged particle radiation measuring method as
in claim 1, wherein the SIAION phosphor is a phos-
phor in which the main component is an o-type
SIAION represented by the general formula:
MySiio.menyAlim+n)OnN16.n, Where M includes at
least one element chosen from among Li, Ca, Mg,
Y and lanthanides, with the exception of La and Ce,
and at least one luminescence center chosen from
among Eu, Ce, Tb, Yb, Sm, Dy, Er and Pr, where y
=m/p, in which p is the valence of M, and where 0.3
<m<45and0<n<25.

4. Acharged particle radiation measuring device com-
prising:
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a scintillator comprising a phosphor in which the
main component is a SIAION phosphor;

an optical component that selectively collects
light from the scintillator; and

a measuring portion that reads out light gener-
ated by radiation.

The charged particle radiation measuring device as
in claim 4, wherein the SIAION phosphor is a phos-
phor in which the main componentis a p-type SIAION
represented by the general formula:
Eu,Sig ,ALLO,Ng ,, where 0.01 <x<05and0<z<
4.2, and having an Eu luminescence center.

The charged particle radiation measuring device as
in claim 4, wherein the SIAION phosphor is a phos-
phor in which the main component is an a-type
SIAION represented by the general formula:
My Sito (menyAlimenOnN16.n, Where M includes at
least one element chosen from among Li, Ca, Mg,
Y and lanthanides, with the exception of La and Ce,
and at least one luminescence center chosen from
among Eu, Ce, Tb, Yb, Sm, Dy, Er and Pr, where y
=m/p, inwhich p is the valence of M, and where 0.3
<m<45and0<n<25.
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[Fig. 1]
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[Fig. 2]

[Fig. 3]
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[Fig. 4]
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