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ABSTRACT OF THE DISCLOSURE

The present invention provides an increased degree
of uniformity of radiation dose distribution for the
interior of a diseased part. A particle beam therapy
system includes a charged particle beam generation
apparatus and an irradiation apparatus. An ion beam is
generated by the charged particle beam generation apparatus.
The irradiation apparatus exposes a diseased part to the
generated icn beam. A scattering device, a range
adjustment device, and a Bragg peak spreading device are
installed upstream of a first scanning magnet and a second
scanning magnet. The scattering device and the range
adjustment device are combiﬂed together and moved along a
beam axis, whereas the Bragg peak spreading device is moved
independently along the beam axis. The scattering device
moves to adjust the degree of ion beam scattering. The
range adjustment device moves to adjust ion beam scatter
changes caused by an absorber thickness adjustment. The
Bragg peak spréading device moves to adjust ion beam
scatter changes arising out of an SOBP device. These

adjustments provide uniformity of radiation dose

distribution for the diseased part.
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BACKGROUND OF THE INVENTION

The present invention relates to a particle beam
irradiation system, and more particularly to a particle
beam irradiation system for use as a particle beam therapy
system for exposing a diseased part to a proton, carben, or
other charged particle beam for therapy purposes, a
material irradiation system for exposing a material tc a
charged particle beam, a food irradiation system for
exposing food to a charged particle beam, or a radioisotope
production system based on a charged particle beam.

A conventional particle beam therapy system
comprises a charged particle beam generation apparatus, a
beam transport, and a rotary irradiation device. The
charged particle beam generation apparatus includes a
synchrotron (cyclotron) as an accelerator. After being
accelerated tc a predefined energy, a charged particle beam
(hereinafter referred to as an ion beam) travels to the
irradiatipn-device via the beam transport (hereinafter
referred to as the first beam transport). The rotary
irradiation device includes an irradiation device beam
transport (hereinafter referred to as the second beam
transport), an irradiation apparatus, and a rotating device
(rotary gantry) for rotating the second beam transport and

irradiation apparatus as an assembly. The ion beam passes




through the second beam transport and then falls on a
cancerous part of a patient via the irradiation apparatus.

The irradiation apparatus shapes and emits an ion
beam, which is generated by the charged particle beam
generation apparatus, in accordance with the shape of a
diseased part targeted for irradiation. Roughly speaking,
the irradiation apparatus can be divided into three types.
The first type is an irradiation apparatus based on a
gcatterer method. The second type is an irradiation
' apparatus based on a wobbling method (JP-A No. 211292/1998
and JP-A No; 202047/2000). Tﬁe third type is an
irradiation apparatus based on a scanning method (JP-A No.
199700/1398).

When the interior of a patient's body is to be
irradiatéd with an ion beam emitted from the irradiation
apparatus, it is desirable that the radiation dose
distributiqn be uniform in tﬁe direction of ion beam
propagation (the direction of the depth within the
patient’'s body) and in the direction perpendicular to the
direction of ion beam propagation. Such uniformity of
radiation dose distribution is especially important within
a canceroﬁs area. This uniformity is desired no matter
which one of the above-mentioned three types of irradiation
apparatuses is used for ion beam irradiation. In a
particle beam therapy system containing the aforementioned
conventional irradiation apparatus, however, it has been

difficult to maintain a high degree of radiation dose
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distribution uniformity in the direction of the depth while
keeping a high radiation dose level particularly for a bulky

diseased part (region targeted for irradiation).

SUMMARY OF THE INVENTION

According to the present invention there is provided a
particle beam irradiation system, comprising:

a charged particle beam generation apparatus; and

an lirradiation apparatus for exposing an irradiation
target to a charged particle beam emitted from the charged
particle beam generation apparatus;

wherein said irradiation apparatus includes a
scattering device for increasing the size of said charged
particle beam and a Bragg peak spreading device through
which said charged particle beam passes; and

wherein at least one of said scattering device and said
Bragg peak spreading device is installed in said irradiation
apparatus in such a manner as to be movable in a propagation
direction of said charged particle beam.

The invention also provides a particle beam irradiation
system, comprising:

a charged particle beam generation apparatus; and

an irradiation apparatus for irradiating an irradiation
target with a charged particle beam emitted from the charged
particle beam generation apparatus;

wherein said irradiation apparatus includes a beam
scanner for scanning said charged particle bean, a
scattering device for increasing the size of said charged
particle beam, and a Bragg peak spreading device through
which said charged particle beam passes; and

wherein at least one of said scattering device and said

Bragg peak spreading device is installed in said irradiation
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apparatus in such a manner as to be movable in a propagation
direction of said charged particle beam.

The invention also provides a particle beam irradiation
system, comprising:

a charged particle beam generation apparatus; and

an irradiation apparatus for exposing an irradiation
target to a charged particle beam emitted from the charged
particle beam generation apparatus;

wherein said irradiation apparatus includes a beam
scanner for scanning said charged particle beam, a
scattering device for increasing the size of said charged
particle beam, a range adjustment device for varying the
range of said charged particle beam, and a Bragg peak
spreading device through which said charged particle beam
passes; and

wherein at least one of said scattering device, said
range adjustment device, and said Bragg peak spreading
device is installed in said irradiation apparatus in such a
manner that the device 1is movable in the propagation
direction of said charged particle beam.

The invention also provides a particle beam irradiation
system, comprising:

a charged particle beam generation apparatus; and

an irradiation apparatus for exposing an irradiation
target to a charged particle beam emitted from the charged
particle beam generation apparatus,

wherein said irradiation apparatus includes a first
scattering device for increasing the size of said charged
particle beam, a second scattering device through which said
charged particle beam passing through said first scattering
device passes, and a Bragg peak spreading device through

which said charged particle beam passes; and
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wherein at least one of said scattering devices and
said Bragg peak spreading device is installed in said
irradiation apparatus in such a manner as to be movable in a
propagation direction of said charged particle beam.

The invention also provides a particle beam irradiation
system, comprising:

a charged particle beam generation apparatus; and

an irradiation apparatus for exposing an irradiation
target to a charged particle beam emitted from the charged
particle beam generation apparatus;

wherein said irradiation apparatus includes a first
scattering device for increasing the size of said charged
particle beam, a second scattering device through which said
charged particle beam passing through said first scattering
device passes, a range adjustment device for varying the
range of said charged particle beam, and a Bragg peak
spreading device through which said charged particle beam
passes; and

wherein at least one of said scattering devices, said
range adjustment device, and said Bragq peak spreading
device is installed in said irradiation apparatus in such a
manner as to be movable in a propagation direction of said
charged particle beam.

The invention also provides a method of adjusting an
irradiation apparatus, which includes a scattering device
for increasing the size of a charged particle beam emitted
from a charged particle beam generation apparatus and a
Bragg peak spreading device through which said charged
particle beam passes, and which exposes an irradiation
target to said charged particle beam, the method comprising
the step of:

moving at least one of said scattering device and said
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Bragg peak spreading device in a propagation direction of
said charged particle beam.

The invention also provides a method of adjusting an
irradiation apparatus which includes a scattering device for
increasing the size of a charged particle beam emitted from
a charged particle beam ‘generation apparatus, a range
adjustment device for varying the range of said charged
particle beam, and a Bragg peak spreading device through
which said charged particle beam passes, and which exposes
an irradiation target to said charged particle beam, the
method comprising the step of:

moving at least one of said scattering device, said
range adjustment device, and said Bragg peak spreading
device in a propagation direction of said charged particle
beam.

The invention also provides a method of exposing an
irradiation target to a charged particle beam emitted from a
charged particle beam generation apparatus using an
irradiation apparatus which includes a scattering device for
increasing the size of said charged particle beam and a
Bragg peak spreading device through which said charged
particle beam passes, the method comprising the steps of:

moving at least one of said scattering device and said
Bragg peak spreading device in the propagation direction of
said charged particle beam; and

exposing said irradiation target to said charged
particle beam which has passed through said scattering
device, said range adjustment device, and said Brag peak
spreading device.

The invention also provides a method of exposing an
irradiation target to a charged particle beam emitted from a

charged particle beam generation apparatus using an

-10-
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irradiationlapparatus which includes a scattering device for
increasing the size of said charged particle beam, a range
adjustment device for varying the range of said charged
particle beam, and a Bragg peak spreading device through
which said charged particle beam passes, the method
comprising the steps of:

- moving at least one of said scattering device, said
range adjustment device, and said Bragg peak spreading
device in the propagation direction of said charged particle
beam; and

~exposing said irradiation target to said charged
particle beam which has passed through said scattering
device, said range adjustment device, and said Bragg peak
spreading device.

Embodiments of the present invention provide a particle
beam irradiation system that is capable of increasing the
uniformity of radiation dose distribution.

Embodiments of the present invention provide an
irradiation apparatus in which at least either a scattering
device or a Bragg peak spreading device is mounted in such a
manner that the device is movable in the direction of
charged particle beam propagation. Since at least either
the scattering device or Bragg peak spreading device can
move in the direction of charged particle beam propagation,
it may be possible to increase the uniformity of radiation
dose distribution for the irradiation target that is exposed
to a charged particle beam.

Preferably, at least one of a scattering device, a
range adjustment device, and a Bragg peak spreading device
is mounted in the irradiation apparatus in such a manner
that the device 1is movable in the direction of charged

particle beam propagation. Since at least either one of the

11-




15 Apr 2005

2003204608

Poloperkil2001204608 response.doc-1 204705

S3E-

scattering device, range adjustment device, and Bragg peak
spreading device can move in the direction of charged
particle beam propagation, it may be in embodiments of the

invention possible to increase the
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uniformity of radiation dose distribution for the
irradiation target that is exposed to a charged particle

beam.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will
become apparent from the following description of
embodiments'with reference to the accompanying drawings in
which:

FIG. 1 1llustrates the configuration of a particle
beam therapy system in accordance with a first embodiment
of the present invention:

FIG. 2 is a vertical cross-sectional view of an
irradiation apparatus shown in FIG. 1;

FIG. 3 is a vertical cross-sectional view of a
scattering device shown in FIG. 2;

FIG. 4 is a vertical cross-sectional view of a
range adjustment device shown in FIG. 2:

FIG. 5 illustrates an ion beam that is scanned by a
scanning magnet when an irradiation apparatus shown in FIG.
2, that is, an SOBP device, is located downstream of the
scanning magnet;

FIG. 6A shows a characteristics graph that prevails
during the use of a conventional irradiation apparatus and
illustrates the relationship between the irradiation target
depth in the direction of the beam axis and the uniformity

of radiation dose distribution;
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' FIG. 6B shows a characteristics graph that prevails
during the use of an irradiation apparatus shown in FIG, 2
and illustrates the relationship between the irradiation
target depth in the directibn of the beam axis and the
uniformity of radiation dose distribution;

FIG. 7A shows a characteristics graph that prevaills
during the use of a conventicnal irradiation apparatus and
illustratéé the relationship between the irradiation target
length in the direction of the beam axis and the uniformity
of radiation dose distribution;

FIG. 7B shows a characteristics graph that prevails
during the use of an irradiation apparatus shown in FIG. 2
and illustrates the relationship between the irradiation
target length in the direction of the beam axis and the
uniformity of radiation dose distribution;

FIG. 8 illustrates the configuration of an
irradiation apparatus for use with a particle beam therapy
system in accordance with a second embodiment of the
present invention;

FIG. 9 illustrates an ion beam that is scanned by a
scanning magnet when an irradiation apparatus shown in FIG.
8, that is, an SOBP device, 1is located upstream ¢f the
scanning magnet;

FIG. 10A shows a characteristics graph that
prevails during the use of a conventional irradiation

apparatus and illustrates the relationship between the ion
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beam range on the irradiation target central axis and
periphery and the relative radiation dose distribution;

FIG. 10B shows a characteristics graph that
prevails during the use of an irradiation apparatus shown
in PIG. 2 and illustrates the relationship between the ion
beam range on the irradiation target central axis and
periphery and the relative radiation dose distribution;

FIG. 11 illustrates the configuration of an
irradiation apparatus for use with a particle beam therapy
system in accordance with a third embodiment of the present
invention;

FIG. 12 illustrates the configuration of an
irradiation apparatus for use with a particle beam therapy
system in accordance with a sixth embodiment of the present
invention;

FIG. 13A is a graph that relates to scanning in a
seventh embodiment and illustrates the exciting current
patterns for scanning magnets of an irradiation apparatus;

FIG. 13B is a graph that relates te the first
embodiment and illustrates the exciting current patterns
for scanning magnets of an irradiation apparatus; and

FIG. 13C is a.graph that relates t¢ scanning in an
eighth embodiment and illustrates the exciting current

patterns for scanning magnets of an irradiation apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

First embodiment
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A particle beam therapy system according to a
preferred embodiment of the present invention will now be
described with reference to FIG. 1. The particle beam
therapy system 1 accerding to the present embodiment
comprises a charged particle beam generation apparatus 2
and an irradiation apparatus 15. The charged particle beam
generation apparatus 2 includes an ion source (not shown),
a preaccelerator 3, and a synchrotron 4. 1Ions generated by
the ion source (e.g., proton icns or carbon ions) are
accelerated by the preaccelerator 3 (e.g., linear
acceierator). An ion beam emitted from the preaccelerator
3 enters the synchrotron 4.  In the synchreotron 4, the ion
beam is energized and accelerated by high-frequency power,
which isbapplied by a high-frequency acceleration cavity 5.
After the energy of the ion beam circulating within the
synchrotron 4 is raised to a preselected level, an outgoing
high-frequency application device 6 applies a high
frequency to the ion beam. Upon high-frequency application
to the ion beam, which is circulating within a stability
limit, the ion beam exceeds‘the stability limit and comes
out of the synchrotron 4 via an outgoing deflector 13.

When the ion beam is emitted, the electrical current
induced by a four-pole magnet 7, a polarized magnet B, and
other magnets provided for the synchrotron 4 is maintained
at a setting and the stability limit is maintained

substantially constant. The icon beam emission from the
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synchrotron 4 stops at the end cf high-frequency power
application to the high-frequency application device 6,

The ion beam emitted from the synchrotron 4 travels
through a beam transport 9 to the irradiation apparatus 15,
which is an irradiation nozzle apparatus. An inverted U-
shaped section 10, which i1s part of the beam transport 9,
and the irradiation apparatus 15 are mounted in a rotary
gantry (not shown). The inverted U-shaped section 10
includes polarized magnets 11. 12. The ion beam comes out
of the irradiation apparatus 15 and falls on a diseased
part 62 (FIG. 2} of a patient 61 who is on a patient couch
(bed) 59.

The configuration of the irradiation apparatus 15
according to the present embodiment will now be described
in defail with reference to FIG. 2. The irradiation
apparatus 15 is based on the wobbling method. The
irradiation apparatus 15 has a casing 16, which is mounted
on the inverted U-shaped section 10. From upstream to
downstream of ion beam propagation, the components housed
in the casing 16 are a first scanning magnet 17, a second
scanning magnet 18, a scattering device 19, a range
adjustment device 20, and a Bragg peak spreading device
(hereinafter referred to as an SOBP device) 21. The first
scanning magnet 17 and the second scanning magnet 18 are
positioned upstream of the scattering device 19 and mounted
on the casing 16. The scattering device 19 and the range

adjustment device 20 are integral with each other and

A7-




mounted on a support member 24 having a through-hole 37.
The support member 24 meshes with ball screws 27, 28, which
travel through two threaded holes. The upper ends of the
ball screws 27, 28 are attached to the casing 16 in a
rotatable manner. The lower ends of the ball screws 27, 28
are coupleﬁ to the rotating'shafts of AC servomotors 25, 26,
which are mounted on the casing 16. An encoder 29 is
coupled to the rotating shaft of the AC servomotor 25. An
alternative configuration may be employed so as to use
either the AC servomotor 25 or the AC servemotor 26.
Further, stepper motors may be used in place of the AC
gervomotors. The SOBP device 21 comprises a plurality of
wedge-shaped members, which are extended toward the range
adjustment device 20. Strictly speaking, both sides of the
wedge-shaped members are shaped like a staircase. A rotary
wheel type SOBP filter may be used as the SOBP device. The
SOBP device 21 is mounted on a support member 30, which
includes a threaded hole meshing with a ball screw 32 and a
through-hole 38. The upper end of the ball screw 32 is
attached to the casing 16 in a rotatable manner. The lower
end of the ball screw 32 is coupled to an XC servomotor 31,
which is mounted on the casing 16. An encoder 33 is
coupled to the rotating shaft of the AC servomotor 31. The
support member 30 is mounted, in a movable manner, on a
linear guide 34, which is installed in the casing 16. The

casing 16 includes a bolus retainer 35. A linear actuator

is composed by a combination of the AC servomotor 25 and
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the ball screw 27, by a combination of the AC servomotor 26
and the ball screw 28, and by a combination of the AC
servomotor 31 and the ball screw 32.

The configquration of the scattering device 19 will
now be described in detail with reference to FIG. 3. The
scattering device 19 includes a plurality of scattering
device controllers 40, each of which has a compressed-air
cylinder 41 and a piston rod 42 that is coupled to a piston
(not shown) installed within the compressed-air cylinder 41.
The scattering device controllers 40 are mounted on a
support frame 39. The scattering device 1% includes
scatterersr43A to 43F, which vary in thickness in the
direction of ion beam propagation (the direction of a beam
axis 14). These scatterers are mounted on the respective
scattering device contrcllers 40 (one scatterer on each
scattering device contrcller). Scatterers 43A to 43F
comprise tungsten, which minimizes the loss of ion beam
energy in relation to the amount of ion beam scattering.
The scatterers may alternatively be made of a material that
contains lead or other substance having a high atomic
number in addition to tungsten. Compressed-air pipes 49,
which each have a solenoid valve 50, are connected to the
respective compressed-air cylinders 41 of the scattering
device controllers 40. Each compressed-air pipe 49 is
connected to a compressed-air supply device (net shown]).
The support frame 39 1s mounted on the top of a support

frame 44 of the range adjustment device 20.
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As shown in FIG. 4, the range adjustment device 20
includes a plurality of absorber controllers 45, each of
which has a compressed-air cylinder 46 and a piston rod 47
that is coupled to a piston (not shown) installed within
the compressed-air cylinder 46. These absorber controllers
45 are mounted on the support frame 44. The range
adjustment device 20 includes absorbers 482 to 48F, which
vary in thickness in the direction of the beam axis 14,
These absorbers are mounted on the respective absorber
controllers 45 (one absorber on each absorber controller).
Each absorber comprises resin that contains hydrocarbon or
other substance having a low atomic number. Compressed-air
pipes 51, which each have a solenoid valve 52, are
connected to the respective compressed-air cylinders 46 of
the absorber controllers 45. Each compressed-air pipe 51
is connected to a compressed-air supply device (not shown).
The support frame 44 is mounted on the top of the support
member 24.

A limit switch is provided for each of the
scattering device controllers 40 of the scattering device
19 and the absorber controllers 45 of the range adjustment
device 20. The limit switches for the scattering device
controllers 40 detect an associated scatterer when it
reaches a predefined position.for ion beam passage. The
limit switches for the absorber controllers 45 detect an
associated absorber when it reaches a predefined position.

The above scattering device and range adjustment device may

-20-
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alternatively be such that two opposing sphenoid plates are
included and continucusly repositioned so as to vary the

thickness of their overlap.
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Table 1
Irradia- Inci- Scat-
Absorber
tion dent terer 5C + RS
field Range | jergy | thick- t;‘::’s" positton | WPL! Wbl12
size Eg ness
40 [mm} 50{mm] | -74(mm] |
: 100 2.05 171.5 | 203.3
: [MeV] fmm] : : [a) [al
90 [ ] 0[mm] -1[mm]
91 (mm] 59(mm) | -72[mm]
: 150 3.25 : : 252.2 | 301.9
- [MeV] [mm] - [A] (2]
150 (mm) 0 [mm] -2 (mm]
$2600mm] 357 (om) 69(mm] | -76[mm]
: 200 5.10 : : 335.5 | 403.9
- [MeV]) [rmm] - - [a) [A]
220 (mm] 0fmm} ¢ lnm]
221 [mm] 79(mml | -80[mm]
: 250 7.20 2 : 411.0 | 503.9
: [MeV] {mm} : : [A] [a)
300fmm] 0[mm) 0 [mm]
40 [mm] 55[mm] | -80[mm]
: 100 1.50 : : 124.1 | 146.8
: [MeV] [m] : : {A] (3]
95 [mm] 0[mm]} -1[mm]
96 [mm] 59 {mm] -79[mm] |-
: 150 2.65 : : 182.5 | 218.8
: [MeV]) {mm] : : {A] [A]
155 [mm]) 0[mm] 0lmm]
0180[mm] 358 ] 74(mm] | -85 (mm]
: 200 3.80 £ : 242.5 291.5
[HeV] [mn] : : (A] [l
230{mm] 0 [mm] 0[mm]
231 (mm] 89(mm] | -89 [mm]
: 250 5.20 : : 296.0 | 363.9
= [MeV] [rm] " - (al {a]
320 [mm] 0[mm] Olmm] |
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The particle beam therapy system according to the
present embodiment includes a control system 70, which has
an irradiation controller 54, drive contrellers 56-58, and
a scanning magnet controller 36. A memory 55 in the
irradiation controller 54 stores irradiation condition
informaticn, which is shown in Table 1. The items of the
irradiation condition informétion are the length of a
diseased part 62 in a direction perpendicular to the beam
axis 14 (irradiatiocu field size), the location of the
diseased part 62 in the direction of the depth (range), the
energy incident on the irradiation apparatus 15 (incident
Eg), the thickness of the scatterer (scatterer thickness),
the thickness of the absorber (absorber thickness), the
position of the scattering device 19/range adjustment
device 20 (SC + RS position), the exciting current of the
first scanning magnet 17 (Wbll), and the exciting current
of the second -scanning magnet 18 (Wbl2). The relationship
between the information about the irradiation fleld size,
range, and incident energy, which is the therapy plan
information, and the scatterer thickness, absorber
thickness, SC + RS position, Wbll, and Wbl2 is to be
predefined in accordance with the results of calculations
and experiments. The SC + RS position is a position based
on a starting point that is the first reference position
for the scattering device 1% and range adjustment device 20.
A therapy plan device 53 stores the therapy plan

information (irradiation field size, ion beam incidence

23-
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direction, range for incidence direction, incideat energy,
etc.) about a patient 61 who is to be treated. The memory
55 stores the position of each SOBP device 21 (SOBP
position) as the irradiation condition information in
relation to the spread-out Bragg peak width (SOBP width)
shown in Table 2 and the incident energy for the interior
of a patient's body, which is one item of therapy plan
information. The position of each SOBP device 21 is a
position based on a starting point that is the second
reference position for the SOBP device 21. An alternative
configuration in which the irradiation controller 54, drive
contrcllers 56-58, and scanning magnet controller 36 are
not furnished may be employed sc that the control system 70
exercises the respective functions of the irradiation

controller 54, drive controllers 56-58, and scanning magnet

controller 36.
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Table 2

Incident energy

SOBP 100[MeV] 150{MeV] 200[MeV] 250[MeV]
width | somp SoBp SoBP sosp SOBP SoB? SOBP SOBP
No. posi- No. posi- No. posi- No. pos2-
tion tion tion tion
i0i{mm] | E100S01¢ 0[mm] E1505010 0[mm] E2005010 0[mmij E2505010 0fmm]
20[mm] | E1005020 | -100[mm] | E1505020 | -80{mm] | F2008020 | -§0[mm] | E250502¢ | -80f{mm)
30[{mm) | E1005030 | -150(mm] | E1505030 | -140{mm) | E2005030 | -130[mm] { E2505030 | -130{mm]
40[mm] | E1005040 | -200(mm] | E1505040 | -180[mm] [ E200S040 | -170[(mm} | E2505040 | -170[mm} |
50{mm] [ E1005050 | -230(mm] | E1508050 | -220[mm] | E2005050 ; -210[mm] | E2505050 | -210(mm]
60[mm] [ E1005060 | -260[mm] | E1505060 | -240(mm) | E2005060 | -230[mm] | E2505060 | -230[mm]
70[mm) - - E1505070 | -260([mm] | E2005070 | -240[mm] | E2505070 | -240([mm]
80[mm) - - E1505080 | -270(mm] | E200S080 | -250imm] | E2505080 | -250[mm]
90 [mm} - - - E2005090 | -250{mm] | E2505090 | -250(mm]
100[mm] - - - E2005100 | -260[(mm) | E2505100 | -260[mm]
110 [mm] - - - E2505110 | -260[mm]
120 [mm) - - - E2505120 | -260fmm]

25-
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A plurality of SOBP devices 21 are prepared as
denoted by E1505010, E1505020, etc. in Table 2. E150S010,
E1505020, and other similar entries in the table are the
numbers of the SOBP devices (SOBP No.}. These SOBP devices
21 differ, for instance, in sphenoid member height and
staircase section width and height. The SOBP devices 21
are selectively mounted beforehand on the support member 30
in accordance with the energy incident on the irradiation
apparatus 15 ahd the SOBP width. The SOBP width is
determined according to the length of a diseased part in
the direction of ion beam propagatiocn.

Prior to positioning a patient 61 in rélation to
the irradiation apparatus 15, the irradiation controller 54
recelves the therapy plan information (irradiation field
size (irradiation field information), range (range
information), incident energy {beam energy information},
etc.) about the patient 61 from the therapy plan device 53
and stores it in the memory 55. The irradiation controller
54 selects a scatterer thickness and absorber thickness as
needed from the irradiation condition information in
accordance with the therapy plan information. The greater
the icn beam incident energy,‘the greater the selected
scatterer thickness. The shorter the requested range, the
greater the selected abscrber thickness. Further, the
irradiation controller 54 selects an "SC + RS position" in
accordance with the selected thickness information (range

information) about a scatterer and absorber. The
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irradiation controller 54 outputs the selected thickness
information about a scatterer and absorber as well as a
drive instruction signal to the drive controller 56. In
accordance with the scatterer thickness information, the
drive controller 56 selects one or more scatterers from the
scatterers in the scattering device 19. If, for instance,
the tctal thickness of the scatterers 43B and 43C agrees
with the scatterer thickness information, the drive
controller 56 selects the scatterers 43B and 43C. The
drive controller 56 opens the soclencid valves 50 on the
compressed-air pipes 49 connected to the scattering device
controllers 40 that respectively operate scatterers 43B and
43C. Compressed air is then supplied to the cylinders 41
of the assoclated scattering device controllers 40 so that
the piston rods 42 move to push the scatterers 43B and 43C
to the above-mentioned selected position. The remaining
scatterers are positioned at a location away from the
position of ion beam passage. Further, the drive
controller 56 selects one or more absorbers from the
absorbers in the range adjustment device 20 in such a
manner that the resulting total absorber thickness agrees
with the information about the selected absorber thickness.
If, for instance, the thickness of the absorber 48E agrees
with the absorber thickness informatiocn, the drive
controller 56 selects the absorber 48E. The drive
controller 56 opens the solenoid valve 52 on the

compressed-air pipe 51 connected to the absorber controller
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45 that operates the absorber 48E. Compressed air is then
supplied to the cylinder 41 of the associated absorber
controller 45 so that the piston rod 47 moves to push the
absorber 48E to the above-mentioned selected position. The
remaining absorbers are positioned at a location away from
the position of ion beam passage. When the associated
scatterers and absorber reach the selected positions, the
associated limit switches actuate to generate position
signals and convey them to drive the controller 56. The
drive controller then outputs scatterer/abscrber relocation
completion information to the irradiation controller 54.
The irradiation controller 54 outputs the "SC + RS
position® information, that is, the first pesition
information, as well as a drive instruction signal to the
drive controller 57. In accordance with the first position
information, the drive controller 57 rotates the AC
servomotors 25 and 26 in order to move the suppert member
24 to a specified position. Consequently, the scattering
device 19 and range adjustment device 20 move to positions
that correspond to the first position information. The
detection signal of the encoder 29 notifiles the drive
controller 57 that the support member 24 has reached the
specified position. The irradiation controller 54 does not
output a drive instruction signal to drive the controller
58 because the required SOBP width is 10 mm. For treatment
of a patient 61 who requires an SOBPF width of 30 mm, the

irradiation controller 54 outputs the positional
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information about the SOBP devices 21, that is, the second
position information, as well as a drive instruction signal
to the drive controller 58. 1In accordance with the second
position information, the drive controller 58 rotates the
AC servomotor 31 in order to move the support member 30 to
a specified position. The SOBP devices 21 move to
positions that correspond to the second position
information. The detection signal of the encoder 33
notifies the drive controller 57 that the support member 30
has reached the specified position.

The irradiation controller 54 acquires the
information about the irradiation field size aﬁd incident
energy for the patient 61 from the memory 55 and uses the
acquired information to select the respective exciting
currents for the first scanning magnet 17 and second
scanning magnet 18 from the aforementioned irradiation
condition information. The selected information about the
respective exciting currents (e.g., the information about
the respective exciting currents for the scanning magnets
shown in FIG. 13B) is conveyed to the scanning magnet
controller 36. In accordance with the information about
the respective exciting currents, the scanning magnet
controller 36 controls the respective exciting currents to
be supplied tc the first scannihgvmagnet 17 and second
scanning magnet 18 for the purpose of rotating the ion beam
in such a manner as to draw a circle in a plane

perpendicular to the beam axis 14. The resulting circle is
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called a wobbling circle. More specifically, the first
scanning magnet 17 conducts a scan to move the ion beam in
the X-direction within the above circle, and then the
second scanning magnet 18 conducts a scan to move the ion
beam in the direction of the Y-axis, which is perpendicular
to the X-axis, within the above circle. Thanks to such a
coordinated ion beam scanning'operation performed by the
first scanning magnet 17 and second scanning magnet 18, the
ion beam moves in a circular manner in the above plane.
This lon beam scan 1s conducted when the irradiation
apparatus 15 emits an ion beam. The size of the wobbling
circle is determined in accordance with the dimension of a
diseased part 62 in a direction perpendicular to thé
direction of ion beam propagation.

Ion beam adjustments and other pretreatment
preparations are made after the selected scatterers and
absorber are set at the ion beam passage positions with the
scattering device 19, range adjustment device 20, and SOBP
devices 21 meved to the specified positiens. Further, a
bolus 22 for the patient 61 is set in the bolus retainer 35
with a collimator 23 set in a casing 16 below the bolus
retainer 35. After these preparations are completely made,
the patient couch 59 is moved until the diseased part 62 of
the patient 61 aligns with the beam axis 14 of the
irradiation apparatus 15. Upon completion of alignment, a
treatment starts. The operator enters a treatment start

signal via an operating console (not shown). Upon receipt
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of the treatment start signal, an accelerator controller
(not shown) operates so that the synchrotron 4 emits an ion
beam. As described earlier, the ion beam reaches the
irradiation apparatus 15. In accordance with the above-
mentioned entered treatment start signal, the irradiation
controller 54 outputs an ion beam scan start signal and the
aforementioned information about exciting currents to the
scanning magnet controller 36. The scanning magnet
controller 36 controls the exciting currents to scan the
ion beam as described above.

The scanned ion beam passes through the scatterers
43B and 43C. Being scattered by the scatterers, the ion
beam spreads in a conical pattern in relation to the
direction of ion beam propagation. The ion beam then
passes through the absorber 48E. The absorber reduces the
ion beam energy to adjust the in vivo range of the ion beam.
Further, the ion beam passes through the SOBP devices 21.
The sphenoid members of the SOBP devices 21 vary in
thickness in the direction cof icn beam propagation. Due to
the portions that vary in thickness, the degree of energy
attenuation in the ion beam, which is spread by the
scatterers and scanned by the scanning magnets, varies with
the SOBP device portion through which the ion beam passes.
After passage through the SOBP devices 21, the resulting
ion beams, which now differ from each other in energy,

respectively form Bragg peaks at various in vivo locations.
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This results in an increased uniformity of radiation dose
distribution in the direction of the beam axis 14.

After passage through the SOBP devices 21, the ion
beams pass through the belus 22. The bolus adjusts the
ranges of the ion beams in accordance with the shape of the
diseased part 62 in the direction of ion beam propagation.
The collimator 23 eliminates ion beams that are positioned,
after passage through the bolus 22, outside the projection
of the diseased part 62 in the direction of the beam axis
14. In other words, the collimator 23 allows ion beams
positioned inside the projection to pass therethrough. The
diseased part 62 is exposed to ion beams that pass through
the ccllimator 23.

In the present embodiment, the size of the wobbling
circle located downstream of the diseased part 62 in the .
direction of ion beam propagation (irradiation target
downstream wobbling circle) and the size of the wobbling
circle located upstream of the diseased part 62 in the
direction of ion beam propagation (irradiation target
upstream wobbling circle) are defined simply according to
the distance from the scanning focus positions of the same
scanning magnets 17, 18 (FIG. 5). Meanwhile, the ion beam
size and quantity on the downstream side are the size and
quantity of an ion beam passing through thin portions of
the SOBP devices 21. The ion beam size and quantity on the
upstream side are the total ion beam size and guantity of

ion beams passing through thin and thick portions of the
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SOBP device 21. When the scatterers, absorber, and SOBP
devices 21 are moved and set to their respective positions
so as to optimize the ratio between the upstream wobbling
circle and ion beam size and the ratio between the
downstream wobbling circle and ion beam size, the
uniformity of radiation dose distribution for the diseased
part can be enhanced while keeping the radiation dose rate
high. The irradiation target is determined according to
the shape of the diseased part 62. It may occasionally be
rendered larger than the diseased part so as to leave a
certain margin.

In the present embodiment, the scatterers (e.g.,
scatterers 43B and 43C) at an ion beam passage position are
moved in the direction of ion beam propagation. Therefore,
the ion beam scatter size prevailing at the po_sition of the
diseased part 62 {(the enlarged ion beam size in a direction
perpendicular to the direction of ion beam propagation) can
be varied. More specifically, the scatter size decreases
when the scatterers are meved toward the diseased part 62
and increases when the scatterers ars moved away from the
diseased part 62. When the scatterers move in the
direction of ion beam propagation, the ion beam scatter
size can be optimized so as to provide uniform radiation
dose distribution in the direction of ion beam propagation
without changing the in vivo ion beam range. Consequently,
the distribution of radlation dose administered to the

diseased part 62 can be adjusted., More specifically, the
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scatterers are moved away from the diseased part 62 when
the ion beam scatter size is smaller than the optimum
scatter size, and moved toward the diseased part 62 when
the ion beam scatter size is larger than the optimum
scatter size.

When the thickness of the absorber in the ion beam
passage region increases, the ion beam scatter size becomes
larger than the optimum scatter size and the radiation dose
distribution for the diseased part 62 becomes worse. In
the present embodiment, however, the selected absorber is
moved in the direction of ion beam propagation. Therefore,
it is possible to inhibit the radiation dose distribution
for the diseased part 62 from deteriorating due to an ion
beam scatter size change, which arises from an ion beam
range adjustment that is made with an absorber selected.

As a result, the radiation dose distribution for the
optimum scatter size can be obtained. The move of the
abscrber adjusts absorber-induced changes in the radiation
dose distribution for the diseased part 62 without changing
the ion beam range. When the thickness of the selected
absorber increases, the absorber is moved further
downstream in the direction of ion beam propagation.

A plurality of SOBP devices 21, which vary in the
SOBP width, are furnished. As described earlier, one SOBP
device 21 is selected and set. The SOBP devices 21 provide
different ion beam scatter sizes depending on the

attainable SOBP width. As the scatter size of an SOBP

-34-




26

device 21 increases, the resulting position is shifted
downstream. Thanks to this shift, the ion beam scatter
size is optimized. This uniforms the radiation dose
distribution for the diseased part 62 in a direction
perpendicular to the direction of ion beam propagation.

As described above, the present embodiment can
uniform the radiation dose distribution for the diseased
part 62 because 1t can move the scattering device 19, range
adjustment device 20, and SOBP device 21 in the direction
of lon beam propagation. Further, the present embodiment
increases the radiation dose rate because the ion beam
usability improves.

In the present embodiment, the scattering device 19
is installed in the range adjustment device 20. Therefore,
these devices can be moved together by the same AC
servomotors 25, 26, which serve as drive devices.
Consequently, the configuration of the present embodiment
is simpler than in cases where the scattering device 19 and
range adjustment device 20 are moved separately by
respective drive devices. In the present embodiment, the
scattering device 19 and range adjustment device 20 are
integral with each other with absorbers éositioned close to
scatterers. Therefore, the size of an ion beam incident on
an absorber is rendered small so that the length and width
of each absorber in a plane perpendicular to the beam axis
14 can be reduced. This makes the range adjustment device

20 smaller. Although the influence of absorber-induced
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scattering is exercilsed depending on the amount of absorber
insertion, the present embodiment moves absorbers and
scatterers together in the direction of ion beam
propagation. Therefore, it i1s possible to decrease the
amount of absorber travel in the direction of such
propagation and increase the distance between the diseased
part 62 and absorbers. Since the distance is increased
with scatterers and absorbers positioned close to each
other, the radiation dese distribution penumbra (half
shadow) beyond the diseased part 62 decreases. In the
present embodiment, the absorbers and scatterers are equal
in the amount cf travel along the beam axis 14. Since the
scattering device 19 and range adjustment device 20, which
are integral with each other, move along the beam axis 14,
the degree of variaticn in the radiation dose distribution
for the diseased part 62 can be decreased without regard to
the ion beam range determined according to an absorber
selection. Due to the use of the scattering device 19 and
- range adjustment device 20 that are integral with each
other, the present embodiment positions a selected absorber
near scatterers to reduce the size of an ion beam incident
on the absorber. As a result, each absorber can be reduced
in size so as to downsize the irradiation apparatus 15.
The present embodiment uses the functions of the
contrcl system 70, particularly the functions of the
irradiation controller 54 and drive controller 56, to

easily move the scatterer of a first scattering device 19
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in the direction of ion beam propagation and set it at a
preselected position. In particular, the irradiation
controller 54 can place the scatterer of the first
scattering device 19 in the above preselected position
using the therapy plan information about the patient 61,
more specifically, the range {range information).

In the present embodiment, the radiation dose
distribution for the irradiation target based on ion beam
irradiation is uniform in the directior of the in vivo
depth as shown in FIG. 6B. The radiation dose distribution
shown in FIG. 6B is obtained when the range adjustment
device 20 is moved in accordance with the present
embodiment. In a conventional configuraticn in which the
scattering device 19, range adjustment device 20, and SOBP
device 21 are not moved, the radiation dose distribution
within the irradiation target varies in the direction of
the in vive depth as shown in FIG. 6A. Such a variation in
the radiation dose distribution can be significantly
inhibited by the present embodiment. The examples shown in
FIGS. 6A and 6B relate to a case where ion beams having the
same energy are used for irradiaticn.

FIG. 7A shows the uniformity of radiation dose
distribut¥on for an irradiation target in a conventional
configuration. In the conventional configquration, the
radiation dose distribution remains uniform no matter
whether the irradiation target length in the direction of

the depth varies. As shown in FIG. 7B, the present
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embediment provides a higher degree of radiation dose
distribution uniformity when the irradiation target length
in the direction of the depth decreases. The
characteristics shown in FIG. 7B are obtained when the SOBP
device 21 is moved in accordance with the present
embodiment.

Although the present embcdiment moves the
scattering devicé 19 and range adjustment device 20, which
are integral with each other, and the SOBP device 21 along
the beam axis 14, an alternative configuration may be
employed so as to move either a combination of the
scattering device 19 and range adjustment device 20 or the
SOBP device 21. When the employed configuration renders
the SOBP device 21 movable and the scattering device 19 and
range adjustment device 20 immovable, the radiation dose
distribution variation, which occurs in the diseased part
62 in response te the selected absorber, is not adjustable;
however, the degree of uniformity of radiaticn dose
distribution for the diseased part 62 is higher than in the
conventional configuration.

In the present embodiment, the scattering device 19
and range adjustment device 20, which are integral with
each other, may alternatively be positioned upstream of the
first scanning magnet 17. Since the scattering device 19
is located upstream of the first scanning magnet 17 in this

alternative configuration, the degree of ion beam

scattering by the scattering device 19 can be reduced.
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Consequently, the scatterer thickness of the scattering
device 19 can bhe decreased so as to render the scattering
device 19 compact. Since the present embodiment positions
the range adjustment device 20 upstream of the first
scanning magnet 17, the effective radiation source distance
can be rendered longer than when the range adjustment
device 20 is positioned downstream of the first scanning
magnet 17, and the effective radiation source size can be
further reduced. As a result, the half shadow further
decreases in size. Further, when the range adjustment
device 20 is positioned upstream of the first scanning
magnet 17, the absorber size (absorber thickness) increases,
thereby reducing the ion beam energy and acquiring a larger
wobbling circle. This increases the degree of freedom in
selecting a ratio between the icn beam scatter size for the
diseased part 62 and the size of the wobbling circle.
Although the present embodiment is provided with
the range adjustment device 20, an alternative
configuration, which is without the range adjustment device
20, may be employed so that the synchrotron 4 adjusts the
energy given to the ion beam at the time of acceleration
for the purpose of adjusting the ion beam range within the
body of the patient 61. Another alternative configuration
may also be formed so as tc obtain a desired ion beam range

by preselecting a desired bottom thickness of the bolus 22.

Second embodiment
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A particle beam therapy system according to a
second embodiment of the present invention‘will now be
described. The particle beam therapy system according to
the present embodiment is configured so that the
irradiation apparatus 15 in the particle beam therapy
system 1 shown in FIG. 1 is replaced by an irradiation
apparatus 15A shown in FIG. 8. The irradiation apparatus
15A differs from the 1rradiat;on apparatus 15 in positions
of the SOBP device 21 and the components associated with it.
As shown in FIG. B, the irradiation apparatus 15A is
configured so that the SOBP device 21 is positioned
upstream of the first scanning magnet 17. The support
member 30, AC servométor 31, ball screw 32, encoder 33, and
linear guide 34 are also positioned upstream of the first
scanning magnet 17 and mounted within the casing 16. A
rotary wheel type SOBP filter may be used as the SOBP
device.

The ion beam passing through a thin portion of the
SOBP device 21 is high in energy. Therefore, the amount of
scanning provided by the first and second scanning magnets
is small. However, the ion beam passing through a thick
portion of the SOBP device 21 is low in energy. Therefore,
the amount of scanning provided by the first and second
scanning magnets is larger than the amount of scanning
provided for the ion beam passing through the thin portion.
As a result, the spread angle cf the ion beam passing

through the thick portion after scanning by the first and
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second scanning magnets is greater than the spread angle of
the ion beam passing through the thin portion after
scanning as shown in FIG. 9. The wobbling circle located
upstream of the irradiation target is formed by the ion
beam passing through the thick portion, whereas the
wobbling circle located downstream of the irradiation
target is formed by the ion beam passing through the thick
portion. Therefore, the SOBP device 21 1is moved and
positioned so as to optimize the ratio between the circle
that is drawn in an in vive, shallow range region by an ion
beam scanned by the first and second scanning magnets and
composed by various energy components, and the ion beam
size provided by icn beams of various energy components,
and the ratio between the circ;e drawn in a deep range
region by an ion beam and the ion beam size provided by ion
beams of various energy components. Consequently, as shown
in FIG. 10B, the relative radiation dose distribution on
the irradiation target beam axis 14 {central axis) becomes
uniform in the direction of the in vive depth and the
uniformity of relative radiation dose distribution on the
irradiation target periphery increases in the direction of
the depth. Further, the relative radiation dose
distributicn on the irradiation target periphery according
to the present embodiment shown in FIG. 10B exhibits a
higher degree of uniformity than the relative radiation
dose distribution on the periphery according to the first

embodiment (FIG. 10A) in which the SOBP device 21 is
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positioned downstream of the second scanning magnet 18. 1In
other words, the first embodiment increases the degree of
uniformity of radiation dose distribution by balancing the
radiation dose distributions, in a direction perpendicular
to the beam axis 14, for the deep and shallow irradiation
target positions. Unlike the first embodiment, the present
embodiment eliminates the difference between the radiation
dose distributions for the deep and shallow positions.

The present embodiment provides the advantages that
are provided by the first embodiment. 1In addition, the
present embodiment makes it possible to reduce the sizes of
ion beams and the SOBP device 21 because the SOBP device 21
is positioned upstream of the first scanning magnet 17.

An alternative configuration may be employed for
the present embodiment so that either a combination of the
scattering device 19 and range adjustment device 20 or the
SOBP device 21 is movable.

In another alternative configuration for the
present embodiment, a combination of the scattering device
19 and range adjustment device 20, which are integral with
each other, and the drive devices for moving the
combination along the beam axis 14 may be both positioned
upstream of the SOBP device 21. This alternative
configuration makes it possible to render the range

adjustment device 20 compact as mentioned earlier.

Third embodiment
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The foregoing embodiments relate to a particle beam
therapy system that is based on a wobbling type irradiation
apparatus. A third embodiment of the present invention,
that is, a particle beam therapy system based on a
scatterer type irradiation apparatus, will now be described.
The particle beam therapy system accerding to the third
embodiment is such that the irradiation apparatus 15 in the
particle beam therapy system 1 shown in FIG. 1 is replaced
by irradiation apparatus 15B, which is a scatterer type.
first irradiation apparatus shown in FIG. 11. The particle
beam therapy system according tc the present embodiment
does not include a drive controller 58. The irradiation
apparatus 15B includes a scattering device 19 (first
scatterer), a scattering device 63 (second scatterer), a
SOBP device 21, and a range adjustment device 20, which are
mounted within a casing 16 and sequentially arranged from
upstream to downstream of ion beam propagation. The casing
16 includes a belus retainer, which is leocated downstfeam
of the range adjustment device 20.

The scattering device 19 is mounted on a support
member 67. The support member 67 meshes with a ball screw
66, which travels through a threaded hole. The upper end
of the ball screw 66 is attached to the casing 16 in a
rotatable manner. The lower end of the ball screw 66 is
coupled to an AC servomotor 65, which is mounted on the
casing 16. An encoder 29A is coupled to the rotating shaft

of the AC servomotor 65. The scattering -device 63 is
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mounted on the casing 16 via a support member 64. The SOBP
device 21 is mounted on the casing 16 via a support member.
The range adjustment device 20 is mounted on the casing 16
via a support member 68. In the present embodiment, the
scattering device 63, SOBP device 21, and range adjustment
device 20 cannot move along the beam axis 14.

The scattering device 63 1s configured so that the
degree of ion beam scattering varies from one ion beam
incidence point to another. The scattering device 63
includes, for instance, a double-ring scatterer, which
comprises a plurality of materials that differ in the
degree of scattering. The scattering device 63 is a device
for adjusting the ion beam radiation dose &istribution.
More specifically, the inner and cuter structures of
scattering device 63 differ from each other. Since the
scattering intensity differs between the inner and outer
structures, the scattering device 63 makes adjustments to
uniform the radiation dose distribution for an overlap
between inner- and outer-passing ion beams. Another
example of the scatterer for the scattering device 63 would
be, for instance, a contoured radiation structure in which
the material proportion varies stepwise.

As is the case with the first embodiment, the
irradiation contreoller 54 selects a scatterer thickness and
absorber thickness from the irradiation condition
information stored in the memory 55 in accordance with

patient therapy plan information stored in the memory 55.
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The memory 55 stores SC position information instead of the
"SC + RS position" information, which is shown as part of
the irradiation condition information shown in Table 1.

The stored SC position information is the positional
information about the scattering device 19. The 5C
position is a position that is based on the first reference
position for the scattering device 19. In accordance with
the information about selected scatterer thickness, the
drive controller 56 selects a scatterer required within the
scattering device 19 and exercises control so as to move
the selected scatterer to an ion beam passage position.

The drive contreoller 56 also selects an absorber required
within the range adjustment device 20 in accordance with
the information about selected absorber thickness, and
exercises control so as to move the selected absorber to an
jion beam passage position. The bolus 22 is set in the
bolus retainer 35. Further, the collimator 23 is set at
the lower end of the casing 16.

The irradiation controller 54 outputs the SC
position information, which is the first position
information, as well as a drive instruction to the drive
controller 57. In accordance with the SC position
information, the drive controller 57 rotates the AC
servomotor 65 in order to move the support member 67 to a
spécified position along the beam axis 14. The drive
controller 57 provides drive control over the AC servomotor

65 for the purpose of moving the scattering device 19 in
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the direction of the beam axis 14 in accordance with the
size of the diseased part 62 in a direction perpendicular
to the beam axis 14.

After an ion beam is emitted from a rotary
irradiation device 10 and incident on irradiation apparatus
15B, 1t is scattered by the selected scatterer of the
scattering device 19, spread in a conical pattern in the
direction of ion beam propagaticn, and entered into the
scattering device 63. The lon beam is then scattered by
the double-ring scatterer of the scattering device 63 1n
order to adjust the radiation dose distribution in a plane
perpendicular to the beam axis 14. The ion beam then
sequentlally passes through the Bragg peak spreading device
21, range adjustment device 20, bolus 22, and collimator 23
and falls on the diseased part 62. The Bragg peak
spreading device 21 and range adjustment device 20 function
the same as described in conjunction with the first

embodiment.

Since the present embodimént moves the scatterer in
the direction of ion beam propagation, it provides a higher
degree of uniformity of radiation dose distribution for the
diseased part 62 than a conventional configuration. The
present embodiment also improves the ion beam usability and
increases the radiation dose rate. When the scattering
device 63 moves along the beam axis 14, two problems arise.
The first problem is that a high degree of accuracy is

required for linearity of movement in the direction of the
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beam axis 14 because the radiation dose distribution is
greatly affected by the concentricity between the
scattering device 63 and the beam axis 14. The second
problem is that the AC servomotor for drive is required to
have an increased capacity because the scattering device 63
is larger and heavier than the scattering device 19.
However, these problems are solved by the present
embodiment, which fixes the scattering device 63 and moves

the scattering device 19 along its axis.

Fourth embodiment

A fourth embodiment of the present invention will
now be described. The particle beam therapy system
according to the fourth embodiment is such that the
irradiation apparatus 15B according to the third embodiment
is replaced by a scatterer type, second irradiation
apparatus. The particle beam fherapy system according to
the present embodiment does not include the drive
controller 58. The second irradiation apparatus differs
from the irradiation apparatus 15B in that a scattering
device 19 is mounted in a casing 16 via a support member 67
in a stationary manner while a range adjustment device 20
is mounted in the casing 16 and ;endered movable in the
direction of the beam axis 14. The drive device for moving
the range adjustment device 20 in the direction of the beam
axis 14 is configured the same as the drive device (an AC

servomotor 65 and a ball screw 66) for moving the
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scattering device 19 in the irradiation apparatus 15B in
that direction, and mounted in the casing 16.

As is the case with third embodiment, an
irradiation controller 54 seledts a scatterer thickness and
absorber thickness. A memory 55 stores RS position
information instead of the "SC + RS position” information,
which is shown as part of the irradiation condition
information gshown in Table 1. The stored RS position
information i1s the positicnal information about the range
adjustment device 20. The RS position is a position that
is based on the first reference position for the range
adjustment device 20. As is the case with the third
embodiment, the drive controller 56 selects a required
scatterer and absorber and exercises control so as to move
the selected scatterer and absorber to an ion beam passage
position. A bolus 22 and a collimater 23 are also mounted
in the casing 16.

The irradiation controller 54 outputs the RS
position information, which is the first position
informaticn, as well as & drive instruction to a drive
contrcller 57. In accordance with the RS position
information, the drive controller 57 rotates an AC
servomotor in order to move a support member 68 to a
specified position along the beam axis 14. After an ion
beam is emitted from the rotary irradiation device 10 and
incident on the second irradiation apparatus, it

sequentially passes through the selected scatterer of the
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scattering device 19, scattering device 63, Bragg peak
spreading device 21, range adjustment device 20, bolus 22,
and collimator 23 and then falls on the diseased part 62.
The present embodiment moves the absorber in the
direction of ion beam propagation. The radiation dose
distribution for the diseased part 62, which results from
ion beam scatter changes caused by a selected absorber as
described in conjunction with the first embodiment, can
therefore be uniformed to a higher degree than a
conventlonal configuration. In addition, the present
embodiment improves the ion beam usability and increases

the radiation dose rate.

Fifth embodiment

A fifth embodiment of the present invention will
now be described. The particle beam therapy system
according to the fifth embodiment is such that the
irradiation apparatus 15B according to the third embodiment
is replaced by a scatterer type, third irradiation
apparatus. The particle beam therapy system according to
the present embodiment deoes not include the drive
controller 57. The third irradiation apparatus differs
from irradiation apparatus 15B_in that a scattering device
19 is mounted in a casing 16 via a support member 67 in a
stationary manner while a SOBP device 21 is mounted in a
casing 16 and rendered movable in the direction of the beam

axis 14. The present embodiment is equal to the first
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embodiment in that the SOBP device 21 1s movable in the
direction of the beam axis 14.

As is the case with the third embodiment, a
irradiation controller 54 selects a scatterer thickness and
absorber thickness. A memory 55 stores the irradiation
condition infermation shown in Table 1 excluding the "SC +
RS position" information and also stores the irradiation
condition infermation shown in Table 2. As is the case
with the third embodiment, a drive controller 56 selects a
required scatterer and absorber and exercises control so as
to move the selected scatterer and absorber to an ion beam
passage position. A bolus 22 and a collimator 23 are also
mounted in the casing 16.

The irradiation controller 54 outputs the
positicnal information about the SOBP device 21, which is
the second position information, as well as a drive
instruction to a drive controller 58. In accordance with
the second position information, the drive centroller 58
rotates an AC servomotor in order tec move a support member
30 to a specified position along the beam axis 14. After
an ion beam is emitted from a rotary irradiation device 10
and incident on the third irradiation apparatus, it falls
on a diseased part 62 in the same manner as described in
conjunction with the fourth embodiment.

The present embodiment moves the SOBP device 21 in
the direction of ion beam propagation. Consequently, as

described in conjunction with the first embodiment, the
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present embodiment makes it possible to adjust the changes
in the radiation dose distribution for the diseased part 62,
which arise depending on'the SOBP device 21 that is set.

As a result, the present embodiment provides a higher

degree of uniformity of radiation dose distribution for the
diseased part 62 than a conventional configuration. The
present embodiment also improves the ion beam usability and
increases the radiatlon dose rate.

The third to fifth embodiments move one of
scattering device 19, range adjustment device 20, and SOBP
device 21, all of which are moved by the first embodiment.
Therefore, the third to fifth embodiments are inferior to
the first embodiment in the capability for adjusting the
degree of uniformity of radiation dose distribution for the
diseased part 62, but provide a higher degree of radiation
dose distribution uniformity than a conventional
configuration.

An alternative configuration may be employed for
the third embodiment so that at least one of the range
adjustment device 20 and SOBP device 21 is rendered movable
in addition to the scattering device 19, which is movable.
When the drive device for the range adjustment device 20 is
mounted in the casing 16, the range adjustment device 20
can move along the beam axis 14. When the drive device for
the SOBP device 21 is mounted in the casing 16 as shown in
FIG. 2, the SOBP device 21 can move along the beam axis 14.

When, for instance, the range adjustment device 20 and SOBP
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device 21 are rendered movable in addition to the
scattering device 19, the degree of uniformity of radiation
dose distribution for the diseased part 62 is higher than
that provided by the third embediment and equal to that
provided by the first embodiment. Further, an alternative
configuration may be employed for the fourth embodiment so
that the SOBP deviée 21 is rendered movable in addition to
the range adjustment device 20, which is movable. This
alternative configuration can be achieved by mounting the

drive device for the above SOBP device 21 in the casing 16.

Sixth embodiment

A sixth embodiment of the present invention will
now be described. The particle beam therapy system
according to the sixth embodiment is such that the
irradiat;on apparatus 15 according to the first embodiment
is replaced by an irradiation apparatus 15E, which is shown
in FIG. 12. The irradiation apparatus 15E differs from the
irradiation apparatus 15B in that a combination of a
scattering device 19 and a range adjustment device 20,
which arevihtegral with each other as described in
conjunction with the first embodiment, is positioned
upstream of a scattering device 63, which is the second
scatterer, and that the scattering device 19, range
adjustment device 20, and SOBP device 21 are movable along
the beam axis 14. A drive device for moving the integral

combination of the scattering device 19 and range
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adjustment device 20 along the beam axis 14 is configured
the same as its drive device shown in FIG. 1. A drive
device for moving the SOBP device 21 along the beam axis 14
is configured the same as its drive device shown in FIG. 1.

An irradiation controller 54 and drive controllers
56, 57, 58 for the present embodiment function the same as
the counterparts for the first embodiment. The ion beam
incident on the irradiation apparatus 15E passes through
internal components and falls on a Jiseased part 62.

Since the present embodiment moves the scattering
device 19, range adjustment device 20, and SOBP device 21
along the beam axis 14, it can uniform the radiation dose
distribution for the diseased part 62‘as 1s the case with
the first embodiment. 1In the present embodiment, the
integral combination of the scattering device 19 and range
adjustment device 20 is positioned upstream of a scattering
device 63. Therefore, even when the amount of range
adjustment is increased by a selected absorber, the present
embodiment can increase the effective radiation source
distance and decrease the effective radiation source size.
Consequently, the radiation dose distribution penumbra
(half shadow) beyond the diseased part decreases. Further,
the size of the ion beam incident on the range adjustment
device 20 decreases, thereby making it possible to downsize
the range adjustment device 20.

When the range adjustment device 10 is positioned

upstream of the scattering device 63, which is the second
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scatterer, the amount of radiation dose distribution
variation increases due to range adjustments. However, the
present embodiment can move the scattering device 19 and
range adjustment device 20 in the direction of the beam
axis 14, thereby making it possible to adjust the amount of
radiation dose distribution variation. Since the
scattering device 19 and range adjustment device 20 are
integral with each other, the amount of their travel in the
direction of the beam axis 14 can be reduced. When the
amount of ion beam energy loss in the range adjustment

' device 20 increases {when a thick absorber is selected),
the amount of ion beam scattering in the scattering device
63 increases as well. Therefore, when the scattering
device 19 and range adjustmeﬁt device 20 move, the amount
of variation in the radiation dose distribution for the
diseased part 62 can be reduced without regard to the
amount of ion beam range adjustment by the absorber.

An alternative configuration may be employed for
the present embodiment so that either the integral
combination of the scattering device 19 and range
adjustment device 20 or the SOBP device 21 is immovable
along the beam axis 14. When the integral combination of
the scattering device 19 and range adjustment device 20 is
immovaﬁié, inserting an absorber into the ion beam passage
region causes an increase in the amount of ion beam
incidence on the outer region ¢f the scattering device 63.

However, as-the energy is decreased by the absorber
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insertion, the degree of ion‘beam scattering at the
position of scattering device 63 becomes higher than when
no absorber is inserted.

Another embodiment of a wobbling type irradiation
apparatus will now be described. The irradiation apparatus
according to the present embodiment, which is referred to
as the Type A irradiation apparatus, is configured so that
the scattering device 63 of the irradiation apparatus 15B
(FIG. 11) is replaced by the first scanning magnet 17 and
second scanning magnet 18 shown 1in FIG. 1. A scattering
device 19 located upstream of the first scanning magnet 17
can move in the direction of the beam axis 14. A range
adjustment device 20 and a SOBP device 21 do not move in
the direction of the beam axis 14. In the irradiation
apparafus according to the present embodiment, at least one
of the range adjustment device 20 and SOBP device 21 may
additionally move in the direction of the beam axis 14.
Even when the irradiation apparatus is configured as
described above, it provides a higher degree of uniformity
of radiation dose distribution for a diseased part 62 than
a conventional configuration.

Still another embodiment of a wobbling type
irradiation apparatus will now be described. The
irradiation apparatus according to the present embodiment,
which is referred to as the Type B irradiation apparatus,
is configured so that the scattering device 19 of the Type

A irradiation apparatus is positioned downstream of the
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second scanning magnet 18 and upstream of a SOBP device 21.
In the present embodiment, the scattering device 19 is
movable in the direction of the beam axis 14; however, a
range adjustment device 20 and the SOBP device 21 are
immovable in the direction of the beam axis 14. 1In the
Type B irradiation apparatus, at least one of the range
adjustment device 20 and SOBP device 21 may additionally
move in the direction of the beam axis 14. Even when the
irradiation apparatus is configured as described above, it
provides a higher degree of uniformity of radiation dose
distribution for a diseased part 62 than a conventional

configuration.

Seventh embodiment

A seventh embodiment of the present invention,
which is based on a scanning type irradiation apparatus,
will now be described. The particle beam therapy system
according to the seventh embodiment is different from the
particle beam therapy system shown in FIG. 1 in ion beam
scanning control that the scanning magnet controller 36
exercises for the first scanning magnet 17 and second
scanning magnet 18.

Ion beam scanning conducted by the present
embodiment will now be described in detail. An irradiation
contreller 54 acquires ion beam scanning condition
information {e.g., exciting current patterns shown in FIG.

13A) about scanning of a patient 61 from a memory 55, and
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outputs it to the scanning magnet contrecller 36. The ion
beam scanning condition information is created when a
therapy plan 1s formulated for the patient 61. In
accordance with the exciting current pattern information,
the scanning magnet controller 36 controls the currents
that are supplied respectively to the first scanning magnet
17 and second scanning magnet 18. The ion beam scanned by
the first scanning magnet 17 and second scanning magnet 18
passes through a scattering device 19, a range adjustment
device 20, a SOBP device 21, a bolus 22, and a collimator
23, and falls on a diseased part 62. As described in
conjunction with the first embodiment, wobbling type ion
beam scanning is conducted in accordance with the exciting
current patterns for the scanning magnets shown in FIG. 13B.
The employed scanning method provides irradiation
while scanning an ion beam within a plurality of regions
into which the diseased part 62 is divided (e.g., the
diseased part 62 is divided into a plurality of regions in
the direction of the in vivo depth). This scanning method
can provide ion beam irradiation in accordance with the
shape of the diseased part 62, thereby preventing healthy
cells neighboring the diseased part 62 from being exposed
to the ion beam. When the exciting currents are controlled
as indicated by the above-mentioned exciting current
patterns shown in FIG. 13A, the ion beam propagates in a
fixed direction while zigzagging within a divided region

described above. Ion beam scanning is conducted in this
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manner to complete ion beam irradiation for one divided
region. The ion beam energy is varied in order to move the
ion beam into the other divided regions, which vary in the
depth from the patient body surface.

If a conventional scanning type irradiation
apparatus is used for ion beam scanning, a problem arises.
More specifically, the ion beam size varies with the ion
beam length in the direction of propagation within divided
regions or the position in the direction of the in vivo
depth. However, the present embodiment can adjust the ion
beam size because it moves the scattering device 19 in the
direction of the beam axis 14. The present embodiment also
moves the range adjustment device 20 in the same direction,
thereby making it possible to adjust ion beam size changes
arising out of ion beam scatter changes that are caused
when the range is adjusted by a selected absorber. Further,
the present embodiment moves an SOBP device 21, thereby
making it possible to adjust ion beam changes that are
caused by a selected SOBP device 21. As described above,
the present embodiment can adjust the ion beam size.
Consequently, the present embodiment solves the
aforementioned problem in which the ion beam size varies
with the ion beam length in the direction of propagation
within the divided regions or the position in‘the d;rection
of the in vivo depth. The present embodiment can easily

adjust the ion beam size by moving the scattering device 19,
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range adjustment device 20, and SOBP device 21 along the

beam axis 14.

Eighth embodiment

An eighth embodiment of the present invention,
which is based on a scanning type irradiation apparatus,
will now be described. The particle beam therapy system
according to the eighth embodiment is structured the same
as the particle beam therapy system shown in FIG. 1 and
provided with the irradiation apparatus 15 shown in FIG. 2.
In the present embodiment, the scanning magnet controller
36 exercises ion beam scanning control over the first
scanning magnet 17 and second scanning magnet 18 in a
manner other than used by the first and seventh embodiments.
As is the case with the seventh embodiment, the present
embodiment irradiates divided regions of the diseased part
62 with an ion beam.

The irradiation controller 54 reads the ion beam
scanning condition information about scanning of the
patient 61 from the memory 55, and outputs it to the
scanning magnet controller 36. The ion beam scanning
condition information consists of the exciting current
patterns of the first scanning magnet 17 and second
scanning magnet 18 shown in FIG. 13C. In accordance with
the exciting current pattern information. the scanning
magnet controller 36 controls the exciting currents that

are supplied respectively to the first scanning magnet 17
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and second scanning magnet 18. The exciting current
patterns shown in FIG. 13C are obtained by combining the
scanning type exciting current patterns shown in FIG. 13A
with the wobbling type exciting current patterns shown in
FIG. 13B.

The ion beam scanned by the first scanning magnet
17 and second scanning magnet 18 passes through the
scattering device 19, range adjustment device 20, SOBP
device 21, bolus 22, and ccllimator 23, and falls on the
diseased part 62.

The present embodiment controls the scanning
magnets in accordance with the exciting current patterns
shown in FIG. 13C. Therefore, it solves the problem that
occurs with the seventh embodiment in which the ion beam
size varies, for instance, with the ion beam length in the
direction of propagation. That is, the ion beam size
remains unchanged even if there is a change in the ion beam
length in the direction of ion beam propagation within the
divided regions or in the position in the direction of the
in vivo depth. In reality, the ion beam shape i1s similar
to that of Gauss distribution. If a circular orbit is
drawn by means of wobbling, the ion beam shape represents a
circular integral of a distribution shape similar to that
of Gauss distribution. However, if the circular orbit for
scanning is small relative to the amount of ion beam
scattering, it is impossible to presume that the ion beam

shape 1s similar to that of Gauss distribution. More
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specifically, the scanning magnet controller 36 controls
the exciting currents to be supplied to the first scanning
magnet 17 and second scanning magnet 18 in such a manner as
to make the wobbling pattern (chronological changes in the
current value to be applied to a wobbling magnet) larger
for a region irradiated with a small beam and make the
wobbling pattern smaller for a region irradiated with a
large beam. When the present embodiment is applied to
raster scanning, an ion beam scan is conducted while
drawing a spiral orbit. When the present embodiment is
applied to voxel scanning, irradiation takes place in such
a manner that each ion beam draws a circular orbit at a
fixed position. The present embodiment can adjust ion beam
size variations as is the case with the seventh embodiment.

If an alternative configuration is employed for the
seventh or eighth embodiment so that one or two of the
scattering device 19, range adjustment device 20, and SOBP
device 21 are moved along the beam axis 14 instead of
moving all of them along the beam axis 14, the result is
inferlor to that is obtained when all of them are moved.
However, such an alternative configuration inhibits ion
beam size variations to a higher degree than a conventional
scanning method.

In embodiments other than the first embodiment and
where the first and second scanning magnets are provided,
the scanning magnet controller 36 can centrel the exciting

currents to be supplied to the first and second scanning
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magnets in accordance with the exciting current patterns
described in conjunction with the seventh and eighth
embodiments.

All the embodiments described above relate to a
particle beam therapy system that includes a synchrotron.
However, the irradiation apparatuses described in
conjunction with the foregoing embodiments are also
applicable to a particle beam therapy system that includes
a cyclotron. The particle beam therapy system containing a
cyclotron can obtailn a desired ion beam range by
preselecting an appropriate bottom thickness for the bolus
22 instead of using the range adjustment device.

All the foregoing embodiments are applicable to a
material irradiation system that contains a charged
particle beam generation apparatus and irradiation
apparatus and exposes materials to a charged particle beam,
a food irradiation system for exposing feood to a charged
particle beam, and a radioisotope production system based
on a charged particle beam.

The present invention enhances the uniformity of
radiation dose distribution for the irradiation target that
is irradiated with a charged particle beam.

While the invention has been described in 1ts
preferred embodiments, it is to be understood that the
words which have been used are words of description rather

than limitation and that changes within the purview of the
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appended claims may be made without departing from the true

scope and spirit of the invention in its broader aspects.

Throughout this specification and the claims which follow,
unless the context requires otherwise, the word "comprise",
and variations such as "comprises" and "comprising', will
be understood to imply the inclusion of a stated integer or
step or group of integers or steps but not the exclusion of
any other integer or step or group of integers or steps.

The reference to any prior art in this specification is not,
and should not be taken as, an acknowledgement or any form
of suggestion that that prior art forms part of the common
general knowledge in Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A particle beam irradiation system, comprising:

a charged particle beam generation apparatus; and

an irradiation apparatus for exposing an
irradiation target to a charged particle beam emitted from
the charged particle beam generation apparatus:

whereln said irradiation apparatus includes a
scattering device for increasing the size of sald charged
particle beam and a Bragg peak spreading device through
which said charged particle beam passes; and

wherein at least one of said scattering device and
sald Bragg peak spreading device is installed in said
irradiation apparatus in such a manner as to be movable in
a propagation direction of said charged particle beam.

2. The particle beam irradiation system according
to claim 1, further comprising a controller for placing at
least one of said scattering device and said Bragg peak
spreading device at a positiocn that is in the propagation
direction of said charged particle beam and that is »
determined in accordance with tﬁerapy plan information.

3. A particle beam irradiation system, comprising:

a charged particle beam generation apparatus; and

an irradiation apparatus for exposing an
irradiation target to a charged particle beam emitted from

the charged particle heam generation apparatus;
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wherein said irradiation apparatus includes a
scattering device for increasing the size of said charged
particle beam, & range adjustment device for varying the
range of said charged particle heam, and a Bragg peak
spreading device through which said charged particle beam
passes; and

wherein at least one of said scattering device,
said range adjustment device, and sald Bragg peak spreading
device is installed in said irradiation apparatus in such a
manner as tc be movable in a propagation direction of said
charged particle beam.

4. The particle beam irradiation system according
to claim 3, whereiln said scattering device and said range
adjustment device are combined together.

5. The particle beam irradiation system according
to claim 3, further comprising a drive device for moving
said scattering device in said propagation direction and a
drive controller for controlling said drive device and
controlling an amount of movement of said scattering device.

6. The particle beam irradiation system according
to claim 3, further comprising a drive device for moving
sald range adjustment device in said propagation direction
and a drive controller for controlling said drive device
and controlling an amount of movement of said range
adjustment device.

7. The particle beam irradiation system according

to claim 3, further comprising a drive device for moving
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sald Bragg peak spreading device in said propagation
direction and a drive controller for controlling said drive
device and controlling an amcunt of movement of said Bragg
peak spreading device.

8. The particle beam lrradiation system according
to c¢laim 4, further comprising a drive device for moving a
combination of said scattering device and said range
adjustment device in sald propagation direction and a drive
controller for controlling said drive device and
controlling an amount of movement of said combination of
the scattering device and the range adjustment device.

9. A particle beam irradiation system, comprising:

a charged particle beam generation apparatus; and

an irradiation apparatus for irradiating an
irradiation target with a charged particle beam emitted
from the charged particle beam generation apparatus;

wherein said irradiation apparatus includes a beam
scanner for scanning said charged particle beam, a
scattering device for increasing the size of said charged
particle beam, and a Bragg pegk spreading device through
which said charged particle beam passes; and

wherein at least one of said scattering device and
sald Bragg peak spreading device 1s installed in said
irradiation apparatus in such a manner as to be movable in
a propagation direction of said charged particle beam.

10. The particle beam irradiation system according

to claim 9, further compriéing a controller for placing at
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least one of said scattering device and said Bragg peak
spreading device at a position that is in the propagation
direction ¢f said charged particle beam and that is
determined in accordance with therapy plan information.

11. A particle beam irradiation system, comprising:

a charged particle beam generation apparatus; and

an irradiation apparatus for exposing an
irradiation target to a charged particle beam emitted from
the charged particle beam generation apparatus;

wherein said irradiatien apparatus includes a beam
scanner for scanning sald charged particle beam, a
scattering device for increasing the size of said charged
particle beam, a range adjustment device for varying the
range of said charged particle beam, and a Bragg peak
spreading device through which said charged particle beam
passes; and

wherein at least one of said scattering device,
said range adjustment device, and said Bragg peak spreading
device is installed in said irradiation apparatus in such a
manner that the device is movable in the propagation
direction of said charged particle beam.

12. The particle beam irradiation system according
to claim 11, wherein said scattering device and said range
adjustment device are combined together.

13. The particle beam irradiation system according
to claim 11, further comprising a beam scan controller for

controlling said beam scanner and ccntrolling the scan of
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sald charged particle beam tc which said irradiation target
is exposed.

14. The particle beam irradiation system accoerding
to claim 13, wherein said beam scan controller controls
said beam scanner so as to scan said charged particle beam
in a scanning patgern for a region within said irradiation

target.

15. The particle beam lrradiation system according

to claim 11, wherein a combination ¢f said scattering
device and said range adjustment device is installed in
said irradiation apparatus in such a manner that the
combination is movable in said propagation direction.

16. The particle beam therapy system according to
claim 12, comprising a drive device foxr moving a
combination of said scattering device and said range
adjustment device in said propagation direction and a drive
controller for controlling said drive device and
controlling an amount of movement of said combination of
the scattering device and the range adjustment device.

17. The particle beam therapy system according to
claim 11, wherein a combination of said scattering device
and said range adjustment device is positioned upstream of
said beam scanner in said propagation direction.

18. The particle beam therapy system according to
claim 11, wherein a combination of said scattering device

and said range adjustment device is positioned downstream

of said beam scanner in said propagation direction.
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19. The particle beam therapy system according tec
claim 11, wherein said Bragg peak spreading device is
positioned upstream of said beam scanner in said
prepagation direction.

20. A particle beam irradiation system, comprising:

a charged particle beam generation apparatus; and

an irradiation apparatus for exposing an
irradiation target to a charged particle beam emitted from
the charged particle beam generation apparatus,

wherein sald irradiation apparatus includes a first
scattering device for increasing the size of said charged
particle beam, a second scattering device through which
said charged particle beam passing through said first
scattering device passes, and & Bragg peak spreading device
through which said charged particle beam passes; and

wherein at least one of said scattering devices and
said Bragg peak spreading device is installed in said
irradiation apparatus in such a manner as to be movable in
a propagation direction of sald charged particle beam.

21. The particle beam irradiation system according
to claim 20, further comprising a controller for placing at
least one of said scattering devices and said Bragg peak
spreading device at a position that is in the propagation
direction of said charged particle beam and that is
determined in accordance with therapy plan information.

22. A particle beam irradiation system, comprising:

a charged particle beam generation apparatus; and

-69-




61

an irradiation apparatus for exposing an
irradiation target to a charged particle beam emitted from
the charged particle beam generation apparatus;

wherein said irradiation apparatus includes a first
scattering device for increasing the size of said charged
particle beam, a second scattering device through which
said charged particle beam passing through said first
scattering device passes, a range adjustment device for
varying the range of said charged particle beam, and a
Bragg peak spreading device through which said charged
particle beam passes; and

wherein at least one of said scattering devices,
said range adjustment device, and said Bragg peak spreading
device is installed in said irradiation apparatus in such a
manner as to be movable in a propagation direction of said
charged particle beam.

23. The particle beam irradlation system according
to claim 22, wherein said first scattering device and said
range adjustment device are combined together and the
resulting combinaticn of said first scattering device and
said range adjuétment device 1s positioned upstream of said
second scattering device in sald propagation dlrection.

24. The particle beam irradiation system according
to claim 23, wherein a combination of said scattering
device and said range adjustment device is installed in
said irradiation apparatus in such a manner as to be

movable in said propagation direction.
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25. A method of adjusting an irradiation apparatus,
which includes a scattering device for increasing the size
of a charged particle beam emitted from a charged particle
beam generation apparatus and a Bragg peak spreading device
through which said charged particle beam passes, and which
exposes an irradiation target to said charged particle beam,
the method comprising the step of:

moving at least one of sald scattering device and
said Bragg peak spreading device in a propagation direction
of said charged particle beam.

26. A method of adjusting an irradiatioh apparatus,
which includes a scattering device for increasing the size
of a charged particle beam emitted from a charged particle
beam generation apparatus, a range adjustment device for
varying the range of said charged particle beam, and a
Bragg peak spreading device through which said charged
particle beam passés, and which exposes an irradiation
target to said charged particle beam, the method comprising
the step of:

moving at least one of saild scattering device, said
range adjustment device, and said Bragg peak spreading
device in a propagation direction of said charged particle
beam.

27. The method according to claim 26, wherein said
scattering device is allowed to move in said propagation
direction in accordance with the irradiation target size in

a direction perpendicular to said propagation direction.
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28. The method according fo claim 26, wherein said
scattering device is allowed to move in said propagation
direction in accordance with the thickness of a passage of
said charged particle beam in said scattering device.

29. The method according to c¢laim 26, wherein said
range adjustment device is allowed to move in said
propagation direction in accordance with the thickness of a
passage of said charged particle beam in said range
adjustment device.

30. The method according to claim 26, wherein said
range adjustment device is allowed to move in said
propagation direction in accordance with the range of said
charged particle beam that is adjusted by said range
adjustment device.

31. The method according to claim 26, wherein a
combination of said scattering device and said range
adjustment device is allowed to move in said propagation
direction in accordance with the thickness of a passage of
said charged particle beam in said scattering device and
the thickness of a passage of said charged particle beam in
said range adjustment device.

32. A method of exposing an irradiation target to a
charged particle beam emitted from a charged particle beam
generation apparatus using an irradiation apparatus which
includes a scattering device for increasing the size of

said charged particle beam and a Bragg peak spreading
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device through which said charged particle beam passes, the
method comprising the steps of:

moving at least omne ofﬂsaid scattering device and
said Bragy peak spreading device in the propagation
direction of said charged particle beam: and

exposing said irradiation target toc said charged
particle beam which has passed through said scattering
device, said range adjustment device, and said Bragg peak
spreading device.

33. A method of exposing an irradiation target to a
charged particle beam emitted from a charged particle beam
generation apparatus using an irradiation apparatus which
includes a scattering device for inéreasing the size of
sald charged particle beam, a range adjustment device for
varying the range of said charged particle beam, and a
Bragg peak spreading device through which said charged
particle beam passes, the method comprising the steps of:

moving at least one of said scattering device, said
range adjustment device, and said Bragg peak spreading
device in the propagation direction of sald charged
particle beam; and

exposing said irradiation target to sald charged
particle beam which has passed through said scattering

device, said range adjustment device, and said Bragg peak

spreading device.
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34. A particle beam irradiation system substantially as
hereinbefore described with reference to the drawings and/or

Examples.

35. A method substantially as hereinbefore described with

reference to the drawings and/or Examples.

DATED this 12™ day of April, 2005
HITACHI, LTD.
By its Patent Attorneys

Davies Collison Cave
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FIG.7A
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