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PARTICLE BEAMIRRADATION 
APPARATUS AND PARTICLE BEAM 

IRRADATION METHOD 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to the particle beam 
irradiation apparatus and particle beam irradiation method 
used for irradiating affected regions with charged particle 
beams such as proton or carbonion beams in order to provide 
medical care. 
0002 Among known medical treatment methods is one in 
which the affected regions of patients who are suffering from 
diseases such as cancer are irradiated with proton, carbonion, 
or other charged particle beams. The large-scale charged par 
ticle beam irradiation apparatus used in this treatment method 
has a charged particle beam generator, a beam transport sys 
tem, and a plurality of irradiation devices. A charged particle 
beam that has been accelerated by the charged particle beam 
generator reaches selected one of the plural irradiation 
devices through the beam transport system, and then the beam 
is emitted from the nozzle of the irradiation device to the 
affected region of the patient lying on a treatment couch. In 
general, for Such a charged particle beam irradiation appara 
tus with a plurality of irradiation devices, these irradiation 
devices are connected to one charged particle beam generator 
and beams can be transported to a desired irradiation device 
by changing beam transport system data settings (refer to 
JP-A-11-501232, for example). 
0003 Passive scattering and pencil beam scanning are 
known as the irradiation methods used for irradiation appa 
ratus. Passive scattering is an irradiation method in which 
beams are spread by a scattering device and then shaped to fit 
to the particular shape of the affected region, and pencil beam 
scanning is an irradiation method in which the inside of the 
affected region is scanned with narrow beams (refer to Japa 
nese Patent No. 2833602, for example). 

SUMMARY OF THE INVENTION 

0004. In general, the scanning method has the feature that 
an absorbed dose distribution more matching the shape of the 
affected region can be obtained than with the passive scatter 
ing method. Accordingly, practical use of the scanning 
method in medical care is increasing in recent years. Conven 
tional charged particle beam irradiation apparatus with a plu 
rality of irradiation devices has usually employed irradiation 
devices based on passive scattering. However, since practical 
use of the scanning method is increasing in recent years as 
mentioned above, charged particle beam irradiation appara 
tus with the plurality of irradiation devices which include 
irradiation devices of different irradiation schemes such as 
scanning and passive scattering is likely to be placed in prac 
tical use in the future. 
0005. The present inventors studied the scanning method 
and the passive scattering method to find out the following 
problems. That is to say, in the scanning method that requires 
changing an irradiation position, energy, and other irradiation 
parameters in order while changing apparatus component 
data settings according to the particular dose distribution, if 
the beam intensity of the beam transported to an irradiation 
device is too great, this could deteriorate irradiation accuracy 
since it may become impossible to follow up changed appa 
ratus component data settings. Also, since narrow beams are 
used, instantaneous peak dose rates tend to increase, so it is 
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desirable that partly in terms of safety during medical treat 
ment irradiation, the beam intensity be moderately lowered. 
In addition, since the scanning method uses narrow beams, 
there is a need to Suppress the beam size of the beams trans 
ported. 
0006. In the passive scattering method, however, since 
beams are spread by scattering devices and then directed to a 
target object, there are little problems with the irradiation 
accuracy and safety discussed above. To shorten the treatment 
time required, it is desirable that the beam intensity be mod 
erately increased for higher dose rates. Therefore, beams 
whose irradiation parameters differ according to irradiation 
device should be transported to implement the medical treat 
ment irradiation that is highly efficient and satisfies the irra 
diation accuracy and safety required of, for example, the 
above-mentioned charged particle beam irradiation apparatus 
having irradiation devices based on both scanning and passive 
scattering. In other words, data settings on the charged par 
ticle beam generator that generates charged particle beams 
are desirably modified according to the kind of irradiation 
device (i.e., the irradiation method) used for the treatment 
irradiation. 
0007 For the conventional charged particle beam irradia 
tion apparatus having a plurality of irradiation devices, how 
ever, equivalent parameters such as beam intensity and beam 
size have always been used for the charged particle beam 
generator to emit beams to whichever irradiation device. For 
this reason, even when the conventional charged particle 
beam irradiation apparatus was provided with irradiation 
devices of different irradiation schemes Such as Scanning and 
passive scattering, it has been impossible to Supply to the 
selected irradiation device the beams matching its irradiation 
scheme. Therefore, there has been room for improvement in 
terms of irradiation accuracy and safety. 
0008. The present invention was made in view of the above 
problems associated with the conventional technology, and 
an object of the invention is to provide: a charged particle 
beam irradiation apparatus capable of ensuring irradiation 
accuracy and safety, even if provided with the irradiation 
devices that use different irradiation methods; and a particle 
beam irradiation method used for the apparatus. 
0009. In order to achieve the above object, a charged par 
ticle beam irradiation apparatus of the present invention, 
designed to extract charged particle beams and emit the 
beams to an irradiation target, includes: a charged particle 
beam generator for generating the charged particle beams; a 
plurality of irradiation devices each for irradiating the irra 
diation target with the charged particle beams, wherein at 
least a part of the irradiation device group applies a different 
irradiation method; a beam transport system for transporting 
the charged particle beams extracted from the charged par 
ticle beam generator, to selected one of the irradiation 
devices; and a controller that modifies operating parameters 
of the charged particle beam generator according to the irra 
diation method adopted for the selected irradiation device. 
0010. In the present invention, charged particle beams 
suitable for the irradiation method adopted for the selected 
irradiation device can be transported thereto in order to 
modify operating parameters of the charged particle beam 
generator according to the above irradiation method. Irradia 
tion accuracy and safety can thus be ensured. 
0011 Preferably, the irradiation apparatus further has a 
detector for detecting a beam state of the charged particle 
beams extracted from the charged particle beam generator, 
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and a judging device for judging whether the beam state that 
has been detected is normal, and modifies judgment param 
eters of the judging device according to the irradiation 
method adopted for the selected irradiation device. This 
makes it possible to accurately judge whether the charged 
particle beams transported to the selected irradiation device 
are suitable for the irradiation method adopted therefor. 
0012. According to the present invention, irradiation accu 
racy and safety can thus be ensured, even if the irradiation 
apparatus has the irradiation devices that use different irra 
diation methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013. Other objects and advantages of the invention will 
become apparent from the following description of embodi 
ments with reference to the accompanying drawings in 
which: 
0014 FIG. 1 is a total configuration diagram of a charged 
particle beam irradiation apparatus which is a preferred 
embodiment of the present invention; 
0015 FIG. 2 is a flowchart that shows process steps up to 
medical treatment irradiation; 
0016 FIG. 3 is a diagram that shows examples of the 
operating parameter data lists selected by a central controller 
and transmitted therefrom to an accelerator controller in pro 
cess step 38 or 40 of FIG. 2: 
0017 FIG. 4 is a diagram in which, in the charged particle 
beam irradiation apparatus of the present embodiment, fea 
tures of the operating parameter data list transmitted from the 
central controller to the accelerator controller are represented 
so that differences between a passive scattering irradiation 
method and a scanning irradiation method can better be 
understood; 
0018 FIG. 5 is a diagram showing the relationship 
between the beam energy data and to-be-extracted beam 
intensity data specified in an operating parameter data list for 
passive scattering and in an operating parameter data list for 
Scanning; and 
0019 FIG. 6 is a total configuration diagram of a charged 
particle beam irradiation apparatus which is another embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0020 Embodiments of the present invention will be 
described in detail hereunder using the accompanying draw 
ings. 

First Embodiment 

0021 First, a charged particle beam irradiation apparatus 
that is a preferred embodiment of the present invention is 
described below using FIG. 1. 
0022. A charged particle beam irradiation apparatus 100 
of the present embodiment has a charged particle beam gen 
erator 1, a beam transport system 2 connected to an output end 
of the charged particle beam generator 1, and two irradiation 
devices. 3s and 3p, that operate as irradiation field forming 
devices. More specifically, the charged particle beam irradia 
tion apparatus 100 of the present embodiment is a proton 
beam irradiation apparatus. 
0023 The charged particle beam generator 1 has an ion 
Source (not shown), a pre-accelerator (e.g., a linear accelera 
tor) 4, and a synchrotron 5 that is a main accelerator. In the 
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synchrotron 5, a high-frequency beam extraction device 6 
formed with one pair of electrodes, and a high-frequency 
beam accelerating cavity 7 are installed on a circular revolu 
tion orbit of ion beams. A first high-frequency power Supply 
(not shown) is connected between the electrodes of the high 
frequency beam extraction device 6, and an independent sec 
ond high-frequency power Supply (not shown) is provided for 
the high-frequency beam accelerating cavity 7. An ion beam, 
e.g., proton (or carbon ion) beam that has been generated by 
the ion source is accelerated by the pre-accelerator 4. After 
being extracted from the pre-accelerator 4, the ion beam 
(charged particle beam) enters the synchrotron 5. The ion 
beam, a charged particle beam, is accelerated by the energy 
applied according to particular strength of the electromag 
netic field generated in the high-frequency beam accelerating 
cavity 7 by application of high-frequency electric power from 
the second high-frequency power Supply. The ion beam that 
revolves inside the synchrotron 5 is accelerated to previously 
set energy (e.g., 100 to 200 MeV) and then extracted from the 
synchrotron 5. That is to say, high-frequency electric power 
from the first high-frequency power Supply is applied to the 
revolving ion beam via the high-frequency beam extraction 
device 6. Accordingly, the ion beam revolving within safety 
limits moves out therefrom and is extracted through an 
extraction deflector 8. When the ion beam is extracted, an 
electric current conducted into quadrupole electromagnets 
(not shown) of the synchrotron 5 and into bending magnets 10 
is maintained at an electric current data setting and the safety 
limits are also kept almost constant. The extraction of the ion 
beam from the synchrotron 5 is stopped by a stop of high 
frequency electric power application to the high-frequency 
beam extraction device 6. Also, the first high-frequency 
power Supply connected to the high-frequency beam extrac 
tion device 6 is controlled in accordance with the data settings 
prestored in association with the beam energy and beam 
intensity, and thus a beam of desired beam intensity is 
extracted from the synchrotron 5. 
0024. The two irradiation devices. 3s and 3p, are arranged 
in independent treatment rooms, and the ion beam from the 
charged particle beam generator 1 is transported to a selected 
treatment room by the beam transport system 2. The irradia 
tion device 3p, one of the two irradiation devices, is a passive 
scattering irradiation device, and the irradiation device 3s that 
is the other of the two irradiation devices is a scanning irra 
diation device. Hereinafter, the treatment rooms where the 
irradiation devices 3p, 3s are arranged are called "scattering 
treatment room 11p' and 'scanning treatment room 11s. 
respectively. Although not shown, a treatment bed for immo 
bilizing a patient at an appropriate position, an X-ray fluoro 
scopic apparatus for obtaining fluoroscopic images of the 
patient, and other equipment are arranged in the treatment 
rooms 11p, 11s. 
0025. The synchrotron 5 also has a beam scraping device 
15 on the orbit of the ion beam revolving in the synchrotron. 
The beam scraping device 15 has a scraper (not shown) that is 
a metallic block whose distance from the circular revolution 
orbit of the beam can be adjusted. Moving the scraper closer 
to the circular revolution orbit of the beam chips off a part of 
the beam for a reduced beam size. The synchrotron 5 further 
has a frequency monitor (detector) 16 for measuring a circular 
revolution frequency of the beam, a circular revolution orbit 
position monitor (detector) 17 for measuring a circular revo 
lution orbit position, and a magnetic field monitor (not 
shown) for measuring magnetic field strength of the bending 



US 2010/0171047 A1 

magnets of the synchrotron. The measurement results 
obtained from the monitors 16 and 17 after the ion beam has 
been accelerated are output to an accelerator controller 24 
described later herein, and it is judged whether deviations 
between output measurement results and the prestored data 
settings mentioned above stay within an allowable range. In 
this way, the accelerator controller 24 judges whether the ion 
beam revolving in the synchrotron 5 has a desired beam 
energy level. If the output measurement results contain ones 
overstepping the allowable range, the accelerator controller 
24 outputs an error signal to a central controller 23 described 
later herein. Thus, the central controller 23 controls the 
charged particle beam generator 1 via the accelerator control 
ler 24 and directly decelerates the beam without extracting the 
beam. If all output measurement results are judged to stay 
within the allowable range, high-frequency electric power is 
applied to the high-frequency beam extraction device 6, 
whereby the extraction of the ion beam from the synchrotron 
5 is started. 

0026. The ion beam that has been extracted from the syn 
chrotron 5 is transported to the output end thereofby the beam 
transport system 2. The beam transport system 2 has a plu 
rality of bending magnets (not shown) and quadrupole mag 
nets (not shown), and beam paths 2p and 2s communicated 
with the passive scattering irradiation device 3p and scanning 
irradiation device 3s arranged in the two treatment rooms 11p 
and 11S, respectively. The quadrupole magnets and bending 
magnets constituting the beam transport system 2 are set so 
that in accordance with a command from a transport system 
controller 25 described later herein, the ion beam that has 
been extracted from the synchrotron 5 is transported to either 
the passive scattering irradiation device 3p or the scanning 
irradiation device 3S, whichever is selected. The ion beam, 
after being introduced into the beam transport system 2, is 
transported to the passive scattering irradiation device 3p 
through the beam path 2p or to the scanning irradiation device 
3s through the beam path 2s. 
0027. The beam transport system 2 also includes a beam 
profile monitor (detector) 20 for measuring a position and 
width of the ion beam to be transported, and a beam intensity 
monitor (detector) 21 that measures intensity of an electric 
current of the beam to be transported. The transport system 
controller 25 acquires an output from the profile monitor 20 
and an output from the beam intensity monitor 21, at fixed 
sampling time intervals. Next, the transport system controller 
25 judges, by checking against the prestored data settings, 
whether the gravitational position and beam size of the beam, 
calculated from the output of the profile monitor 20, and the 
output of the beam intensity monitor 21 depart from the 
allowable range. If either of the outputs isjudged to be outside 
the allowable range, an error signal is output to the central 
controller 23. Beam extraction is thus stopped. 
0028. Although this is not shown in the figure, the passive 
scattering irradiation device 3p provided in passive scattering 
treatment room 11p includes various constituent elements. 
Examples include: a scattering device for scattering a beam, a 
flatness monitor for measuring an as-Scattered distribution of 
the beam, a dose monitor for measuring a beam energy dose, 
an energy modulation device for adjusting a depth-direction 
dose distribution, and a collimator for forming the beam into 
a necessary shape. 
0029. The ion beam that has been supplied via beam trans 
port system 2p is spread in a direction vertical to a traveling 
direction of the beam, by the scattering device, and then 
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adjusted to an appropriate energy distribution by the energy 
modulation device. Next, this beam is shaped by the collima 
torto fit to the shape of an affected region to be irradiated with 
the beam, and the patient who is the irradiation target is 
irradiated. When an integrated beam dose reaches a previ 
ously planned and set value, an ending signal of the irradia 
tion is transmitted to the central controller 23. This completes 
the irradiation. 
0030 Although this is not shown in the figure, the scan 
ning irradiation device 3s has scanning magnets for scanning 
a beam, a beam position monitor for measuring a position of 
the scanning beam, a dose monitor for estimating the irradia 
tion dose, and other elements. An irradiation position of the 
ion beam that has been Supplied via beam transport system 2s 
is adjusted by the scanning magnets, and then the patient who 
is the irradiation target is irradiated with the beam. The irra 
diation position and energy of the ion beam are previously 
planned and set as a parameter list associated with the inte 
grated beam dose. As the integrated beam dose increases, the 
irradiation position and the energy are changed, and when the 
integrated beam dose reaches the previously planned and set 
value, an ending signal of the irradiation is transmitted to the 
central controller 23. This completes the irradiation. 
0031. The charged particle beam irradiation apparatus 100 
of the present embodiment further has a control system 101. 
The control system 101 includes: a treatment managing sys 
tem 22; a central controller (second controller) 23; an accel 
erator controller (judging device) 24 for controlling the 
charged particle beam generator 1; a transport system con 
troller (judging device) 25 for controlling the beam transport 
system 2; a passive scattering irradiation controller 26p for 
controlling the passive scattering irradiation device 3p, and a 
scanning irradiation controller 26s for controlling the scan 
ning irradiation device 3s. 
0032. The treatment managing system 22 has a database 
function to manage irradiation parameter data and irradiation 
schedules. Stored irradiation parameter data within the treat 
ment managing system 22 differs according to the particular 
irradiation method. For the passive scattering method, the 
data consists of for example, the energy, irradiation direction, 
irradiation range, irradiation dose, and other factors of the 
beam. For the scanning method, the energy, beam size, irra 
diation position, and other factors of the beam constitute list 
data associated with the integrated dose. The treatment man 
aging system 22 is connected to an image acquisition system 
(not shown) that acquires the images used for CT and other 
diagnostic purposes, and to a patient information manage 
ment database (not shown) that manages data on patients. 
0033 Process steps for medical treatment irradiation with 
the thus configured charged particle beam irradiation appa 
ratus 100 of the present embodiment are described below 
using FIG. 2. FIG. 2 is a flowchart that represents process 
steps up to medical treatment irradiation. 
0034 Under user operations from the treatment room 
(step 31), the central controller 23 first reads in the irradiation 
parameter data required for next irradiation, from the treat 
ment managing system 22 (step 32). The irradiation param 
eter data has been previously created by a treatment planning 
system (not shown) and registered in the treatment managing 
system 22. In step 32, the central controller 23 reads in irra 
diation parameter data for 3p if the user operations in step 31 
are performed from passive scattering treatment room 11p, or 
reads in irradiation parameter data for 3s if the user operations 
are performed from Scanning treatment room 11s. In this 
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manner, it is discriminated whether the irradiation parameter 
data is for the passive scattering irradiation device 3p or for 
the scanning irradiation device 3s. Instead of this method, the 
irradiation parameter data itself may be endowed with infor 
mation concerning the irradiation device (or the irradiation 
method), and the central controller 23 may be caused to 
conduct a discrimination based on the information. 

0035. In step 33, 34, or 35, it is judged whether discrep 
ancies exist between the irradiation device information con 
tained in the irradiation parameter data, and an operating 
location of the user. Processing is terminated in step 36 if 
discrepancies exist (e.g., if the irradiation parameter data for 
the Scanning irradiation device 3s is called up from the pas 
sive scattering treatment room 11p, or vice verse). 
0036) Next, on the basis of the irradiation parameter data 
that it has read in, the central controller 23 selects operating 
parameter data on the charged particle beam generator 1 
(synchrotron 5) and other constituent devices, from a pre 
registered data list. Data that has thus been selected is trans 
mitted to each controller (accelerator controller 24, transport 
system controller 25, and irradiation controller 26s, 26p) in 
step 37,38, 39, or 40. For example, if attention is focused on 
the accelerator controller 24, the data list transmitted in the 
present embodiment is for scanning use or for passive scat 
tering use. This data list includes the operation pattern data 
(magnet pattern IDs and others) of the synchrotron 5 that is 
associated with various energy levels, and information Such 
as a high-frequency electric power output to be applied to the 
high-frequency beam extraction device 6 (see the description 
of FIG. 3, given later herein). The central controller 23 uses 
either the passive scattering data list if the irradiation param 
eter data is for passive scattering use, or the scanning data list 
if the irradiation parameter data is for scanning use, and 
acquires magnet pattern IDs and other operating parameter 
data from the beam energy data specified in the irradiation 
parameter data. Acquired operating parameter data is trans 
mitted to the accelerator controller 24. 

0037 Each controller sets up each device on the basis of 
the operating parameter data transmitted from the central 
controller 23. After confirming completion of the setup, each 
controller transmits an irradiation ready signal to the central 
controller 23 (steps 41, 42). Thus, the central controller 23 
makes irradiation startup operations valid and outputs a ready 
signal to computer terminals in each treatment room 11s, 11p. 
Subsequently, when an irradiation startup signal is output by 
user operations, operation of the synchrotron 5 is started and 
treatment irradiation based on data settings is initiated. If the 
setup of each device by each controller has not come to a 
normal end, an irradiation operational setup error occurs and 
processing is terminated (step 43). 
0038. The accelerator controller 24 controls the first high 
frequency power Supply on the basis of the data of highfire 
quency electric power (one of the operating parameter data) 
transmitted from the central controller 23. Thus the first high 
frequency power Supply outputs less electric power for irra 
diation by the Scanning irradiation device 3s than for irradia 
tion by the passive scattering irradiation device 3p. Because 
the less electric power is applied into the high-frequency 
beam extraction electric device 6, the smaller intensity ion 
beam extracted from the synchrotron 5 is supplied to the 
scanning irradiation device 3s. In addition, in the case that the 
scanning irradiation device 3s is selected, the accelerator 

Jul. 8, 2010 

controller 24 controls the position of the scraper 15 based on 
the data tranmitted from the central controller 23 so as to 
reduce the beam size. 
0039 Examples of the operating parameter data lists 
selected by the central controller 23 and transmitted there 
from to the accelerator controller 24 in process step 38 or 40 
of FIG. 2 are shown in FIG. 3. In the synchrotron 5 of the 
present embodiment, a spread of the ion beam revolving as 
mentioned above is increased by the application of high 
frequency electric power to the high-frequency beam extrac 
tion device 6 and then extracted from the extraction deflector 
8. It is possible, by adopting an extraction method that uses a 
high-frequency electric field in this way, to extract beams of a 
stable size and position, and to easily adjust beam intensity. 
As the high-frequency electric power increases, the ion beam 
spreads more rapidly and a rate of its injection into the beam 
deflector 8 also increases. This, in turn, increases the beam 
intensity of the ion beam extracted. In addition, since an ion 
beam of the lower beam energy spreads by the high-fre 
quency electric field more rapidly, the beam intensity of the 
ion beam extracted by the same high-frequency electric 
power increases with a decrease in beam energy. As shown in 
FIG.3, in the data list for passive scattering, data is set so that 
the high-frequency electric power decreases with a decrease 
in beam energy and so that almost constant beam intensity is 
extracted, regardless of the energy. In association with this, an 
upper limit of the beam intensity is also fixed at a constant 
value. In the data list for Scanning, data is set so that the 
high-frequency electric power decreases below of passive 
scattering and so that the beam intensity of the ion beam 
extracted is diminished with decreases in beam energy. In 
association with this, the beam intensity upper limit is set to 
totally decrease in comparison with that of passive scattering 
and to be lowered with decreases in beam energy. 
0040 Also, the scraper position shown in FIG. 3 is dis 
tanced from the circular revolution orbit of the beam on the 
scraper, as mentioned earlier. Longer distance from the orbit 
means that the amount of beam chipped is Smaller. In the 
present embodiment, the above distance for passive scattering 
is set to such a value that does not limit the beam size, and the 
above distance for scanning is set to Such a value that reduces 
the beam size by chipping the beam. In this way, little beams 
are chipped for the passive scattering irradiation method that 
requires a large number of beams, and the beam size is 
reduced for the scanning irradiation method that requires 
narrow beams. 
0041. In addition, a circular revolution frequency range of 
the ion beam is set to a large value for passive scattering, and 
a small value for scanning. In this way, a wide allowable 
energy range is employed for the passive scattering method 
that does not deteriorate irradiation accuracy too significantly 
with respect to a change in beam energy, and a narrow allow 
able energy range is employed for the Scanning method. 
0042. Although this is not shown in FIG. 3, in the operat 
ing parameter data list transmitted from the central controller 
23 to the transport system controller 25, an allowable beam 
position setting range for irradiation in the passive scattering 
treatment room 11p is wider than for irradiation in the scan 
ning treatment room 11s. 
0043 FIG. 4 is a diagram in which features of the operat 
ing parameter data list transmitted to the central controller 24 
and accelerator controller 25 in the present embodiment 
described above are represented so that differences between 
the passive scattering irradiation method and the scanning 
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irradiation method can better be understood. As shown in 
FIG. 4, the set beam intensity value and set beam size value 
transmitted to the accelerator controller 24 and used for irra 
diation in the passive scattering treatment room lip are greater 
than for irradiation in the scanning treatment room 11s. The 
allowable energy range data and allowable beam position 
range data transmitted to the accelerator controller 24 and the 
transport system controller 25, respectively, for irradiation in 
the passive scattering treatment room 11p are also greater 
than for irradiation in the Scanning treatment room 11s. 
0044) The charged particle beam irradiation apparatus 100 
of the present embodiment offers the following advantageous 
effects. That is, in the passive scattering irradiation method, 
irradiation accuracy does not greatly depend on the intensity 
of the beam current from the charged particle beam generator 
1. This is because states of the beams for the irradiation of the 
patient (i.e., the spread and energy distribution of the beams) 
are typically determined by specifications of the scattering 
device, energy modulation device, collimator, and other 
devices arranged for the irradiation apparatus. In addition, 
changes in dose distribution are Small with respect to changes 
in beam energy. For these reasons, increases in the beam 
intensity or slight variations in beam energy do not deteriorate 
irradiation accuracy very much. 
0045. In the scanning irradiation method, however, irra 
diation positions, energy, and other irradiation parameters are 
sequentially changed according to the integrated dose. So if 
the beam intensity of the beam transported to the irradiation 
device is too great, devices become unable to follow up too 
quick parameter change and irradiation accuracy would be 
deteriorated. Also, since narrow beams are used, instanta 
neous peak dose rates tend to increase, so it is desirable that 
partly interms of safety during medical treatment irradiation, 
the beam intensity be moderately lowered. In addition, since 
the scanning method uses narrow beams, there is a need to 
Suppress the beam size of the beams transported. 
0046 For these reasons, in the charged particle beam irra 
diation apparatus 100 having both passive scattering and 
scanning types of irradiation devices 3s and 3p as in the 
present embodiment, beams whose irradiation parameters 
differ according to a particular irradiation method need to be 
Supplied to associated irradiation device 3s or 3p to conduct 
the treatment irradiation that satisfies the irradiation accuracy 
and safety required. 
0047. In the charged particle beam irradiation apparatus 
100 of the present embodiment, therefore, as described 
above, charged particle beams suitable for the irradiation 
method adopted for a selected irradiation device can be sup 
plied to the irradiation device 3s or 3p in order to modify the 
operating parameters of the charged particle beam generator 
1. It is thus possible to ensure irradiation accuracy and safety. 
Since the circular revolution frequency range of the ion beam 
is set to a large value for passive scattering, and a small value 
for scanning, it is also possible to enhance irradiation effi 
ciency by employing a wide allowable energy range for the 
passive scattering method that does not deteriorate irradiation 
accuracy too significantly with respect to a change in beam 
energy. In addition, it is possible to monitor for necessary 
irradiation accuracy by employing a narrow allowable energy 
range for the scanning method. For these reasons, irradiation 
accuracy and safety can be reliably secured. 
0048. Furthermore, in the present embodiment, the data 

list for Scanning is set so that as described above, beam 
intensity is lowered with decreases in beam energy. The rela 
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tionship between the beam energy data and to-be-extracted 
beam intensity data specified in the operating parameter data 
list for passive scattering and in the operating parameter data 
list for scanning is shown in FIG.5. Since, as can be seen from 
this figure, the data list for scanning is set so that beam 
intensity is lowered with decreases in beam energy, beam 
intensity can be appropriately set for and monitored during 
the scanning irradiation that requires controlling the beam 
intensity to a small value for using narrow beams. This allows 
irradiation accuracy and safety to be secured more reliably. 
0049. While it has been described heretofore that an 
upper-limit value is not provided for the high-frequency beam 
extraction electric power applied by the high-frequency beam 
extraction device 6, an upper limit of high-frequency beam 
extraction electric power for irradiation by the scanning irra 
diation device 3s may be set to a value Smaller than an upper 
limit of high-frequency beam extraction electric power for 
irradiation by the passive scattering irradiation device 3p. 
This allows reliable limitation of the extraction current Sup 
plied in the scanning method, and hence, further improve 
ment of safety. 
0050. It has also been described heretofore that beam 
intensity is adjusted according to a particular high-frequency 
beam extraction electric power level and that the beam size is 
adjusted by the beam scraping device 15. When the beam is 
chipped by inserting a scraper, the beam is narrowed down 
and at the same time, the beam current inside the synchrotron 
5 decreases to diminish the beam intensity of the beam 
extracted. This property may be utilized to adjust the beam 
intensity and the beam size at the same time according to the 
amount of scraper insertion by the beam scraping device 15. 
0051. In addition, although only setup parameters equiva 
lent to one kind of beam intensity for each beam energy level 
are shown in FIG. 3, specification of irradiation parameter 
data or selection of beam intensity by an operator may be 
conducted after a plurality ofbeam intensity values have been 
provided. In that case, the high-frequency beam extraction 
electric power level may be changed according to the beam 
intensity selected, and at the same time, changes may also be 
made to an upper-limit value of the beam intensity, a position 
of the scraper, and other parameters. Thus, greater flexibility 
in response to a request for more advanced treatment irradia 
tion can be obtained and at the same time, irradiation accuracy 
and safety can be improved. 
0.052 Furthermore, while an example of providing two 
kinds of data lists, one for Scanning irradiation and one for 
passive scattering irradiation, is shown in the present embodi 
ment, it may also be possible to provide a larger number of 
kinds of data lists, including those intended for irradiation 
devices of different irradiation field sizes, or to provide inde 
pendent data lists for each treatment room. Thus, even in a 
system that requires beams whose irradiation parameters dif 
fer, it is possible to realize each of the parameters automati 
cally and appropriately and to improve accuracy and safety. 
0053. In the case that the size of the ion beam extracted 
from the synchrotron 5 is adequately narrow for the scanning 
irradiation, it may also be possible to apply the same setting of 
the beam size for both scanning irradiation and passive scat 
tering irradiation. In this case, it is also possible to control the 
beam intensity in accordance with the selected irradiation 
device. Specifically for present embodiment, as described 
above, it can be realized by setting the first highfrequency 
power Supply so that it output less electric power for irradia 
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tion by the scanning irradiation device 3s than for irradiation 
by the passive scattering irradiation device 3p. 

Second Embodiment 

0054 Acharged particle beam irradiation apparatus that is 
another embodiment of the present invention is described 
below using FIG. 6. Charged particle beam irradiation appa 
ratus 100A of the present embodiment is adapted to include: 
a charged particle beam generator 1A with a cyclotron 5A, 
instead of the charged particle beam generator 1 with a syn 
chrotron 5 in the charged particle beam irradiation apparatus 
100; and a control system 101A with an added second passive 
scattering treatment room, an operational state monitoring 
device (judging device) 45, and an added second passive 
scattering irradiation controller for the added treatment room, 
instead of the control system 101 in the irradiation apparatus 
1OO. 
0055. The charged particle beam irradiation apparatus 
100A has the charged particle beam. generator 1A equipped 
with the cyclotron 5A by which incident beams from an ion 
Source (not shown) are accelerated to desired energy, a beam 
transport system 2A connected to an output end of the 
charged particle beam generator 1A, and three irradiation 
treatment rooms. The three irradiation treatment rooms are a 
scanning treatment room 11s with an installed Scanning irra 
diation device 3s, and passive scattering treatment rooms 
11p1 and 11p2 with installed passive scattering irradiation 
devices 3p1 and 3p2, respectively. The cyclotron 5A that 
generates beams of fixed energy as charged particle beams 
essentially of a continuous current, has an energy adjusting 
system (energy selection system) 46 for degrading and select 
ing the beams. The energy adjusting system 46, although 
described hereinafter as being included in the charged particle 
beam generator 1A, may be included in a beam transport 
system 2. 
0056. The beams of fixed energy that have been extracted 
from the cyclotron 5A through a beam deflector 47 have the 
energy absorbed by a degrader 48, thus providing desired 
energy necessary for irradiation. The beams that have been 
significantly scattered by the degrader 48 are cut by an emit 
tance aperture 49, then bent by an energy analyzing magnet 
50, and beams whose energy has deviated from the desired 
energy are cut by an energy aperture device 51. The degrader 
48, the emittance aperture 49, the energy analyzing magnet 
50, and the energy aperture device 51 constitute the energy 
adjusting system 46 that selects beam energy and adjusts a 
beam size. In the energy aperture device 51, plural kinds of 
apertures with different aperture sizes are selectively pro 
vided and these apertures are each selected by an accelerator 
controller 24, whereby the beam size is controlled. The 
energy analyzing magnet 50 has an energy-analyzing mag 
netic field monitor (not shown), by which the energy of the 
beams is monitored. 
0057 Beam transport system 2A has beam paths 2p1, 2p2. 
and 2s, which are communicated with the passive scattering 
irradiation devices 3p1, 3p2 and Scanning irradiation device 
3s arranged in the three treatment rooms, 11p1,11p2, and 11s, 
respectively. In the beam transport system 2A, similarly to the 
first embodiment, a beam profile monitor 20 and a beam 
intensity monitor 21 are arranged to monitor a state of the 
beam. 
0058. In addition to the control system components in the 

first embodiment, the control system 101A has an operational 
state monitoring device 45. The operational state monitoring 
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device 45 reads an output of an energy-analyzing magnetic 
field monitor (not shown) provided at the energy analyzing 
magnet 50, an output of the profile monitor 20 in the beam 
transport system 2A, and an output of the beam intensity 
monitor 21, at fixed sampling time intervals. Next, the opera 
tional state monitoring device 45 judges, by checking against 
prestored data settings, whether the gravitational position and 
beam size of the beam, calculated from the magnetic field 
monitor output and the output of the profile monitor 20, 
deviate from an allowable range. If either of the outputs is 
judged to be outside the allowable range, an error signal is 
output to a central controller 23, thus causing the synchrotron 
5A to stop Supplying beams. 
0059 Apparatus components other than those described 
above, and irradiation process steps are basically the same as 
in the first embodiment. In the present second embodiment, 
however, the charged particle beam generator 1A includes the 
synchrotron 5A and the energy adjusting system 46, so the 
kinds of operating parameter data items transmitted from the 
central controller 23 to the accelerator controller 24 differ as 
described below. 
0060. On the basis of the irradiation parameter data that it 
has read in, the central controller 23, as with that of the first 
embodiment, selects operating parameter data on the charged 
particle beam generator 1A (cyclotron 5A) and other con 
stituent devices, from a pre-registered data list. Data that has 
thus been selected is transmitted to each controller, that is, an 
accelerator controller 24, transport system controller 25, and 
irradiation controller 26s, 26p1, 26p2. Either a data list for 
scanning, or a data list for passive scattering is transmitted to 
the accelerator controller 24. Each such data list includes 
information such as: ion source electric-current data settings 
associated with various energy levels, operational data on the 
energy analyzing magnet 50, and the kinds of apertures in the 
energy aperture device 51. 
0061 Although this is not shown in FIG. 6, in the present 
embodiment, electric-current data settings for the ion Source 
are relatively high for passive scattering, and relatively small 
for scanning. Also, the kinds of apertures in the energy aper 
ture device 51 are set so that for passive scattering, each 
aperture takes a large aperture size, and so that for Scanning, 
beams are chipped and dimensionally narrowed down for 
each aperture. 
0062. Thus, an allowable energy range for passive scatter 
ing is spread and that of scanning is narrowed. Also, in the 
operating parameter data list transmitted from the central 
controller 23 to the transport system controller 25, an allow 
able beam position setting range for passive scattering is 
wider than that of scanning. 
0063 As can be seen from the above, similarly to the first 
embodiment, as shown in FIG.4, the set beam intensity value 
and set beam size value transmitted to the accelerator con 
troller 24 and used for irradiation in the passive scattering 
treatment room 11p1,11p2, are greater than for irradiation in 
the scanning treatment room 11s. The allowable energy range 
data and allowable beam position range data transmitted to 
the accelerator controller 24 and the transport system control 
ler 25, respectively, for irradiation in the passive scattering 
treatment room 11p1, 11p2, are also greater than for irradia 
tion in the scanning treatment room 11s. 
0064. Irradiation accuracy and safety, therefore, can also 
be ensured in the present embodiment. Additionally, accord 
ing to the present embodiment, energy, beam intensity, beam 
positions, width, and other parameters representing an opera 
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tional state are monitored by the operational state monitoring 
device 45 provided independently of the accelerator control 
ler 24 and the transport system controller 25. This allows a 
desired operational state to be monitored for, even in case of 
a single failure Such as a malfunction in the accelerator con 
troller 24, and thus, safety to be improved further. 
0065. It has also been described heretofore that beam 
intensity is adjusted by setting the ion source electric-current 
and that the beam size is adjusted by selecting an aperture 
device 51. When beam size is adjusted by the aperture device 
51, the beam is narrowed down and at the same time, the beam 
intensity pass through the aperture device 51 is decreased. 
This property may be utilized to adjust the beam intensity and 
the beam size at the same time according to the selecting an 
aperture device 51. In the case that the size of the ion beam 
extracted from the cyclotron 5A is adequately narrow for the 
scanning irradiation, it may also be possible to apply the same 
setting of the beam size for both scanning irradiation and 
passive scattering irradiation. In this case, it is also possible to 
control the beam intensity in accordance with the selected 
irradiation device. Specifically for present embodiment, it 
can be realized by setting the ion source electric-current data 
so that it output less ion beam for irradiation by the scanning 
irradiation device 11s than for irradiation by the passive scat 
tering irradiation device 11p1 or 11p2. 
0066 While operating parameters on high-frequency 
beam extraction electric power, on a beam current upper limit, 
on a scraper position, on frequency ranges, on ion Source 
electric-current data settings, and on the kinds of apertures, 
are designed so as to be modified in the two embodiments 
described above, the present invention is not limited to/by this 
modification form and other operating parameters may also 
be modified. Irradiation accuracy and safety can likewise be 
improved by assigning appropriate data to other parameters 
as well, irrespective of whether scanning or passive scattering 
is employed. 
0067. While the invention has been described in its pre 
ferred 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 
appended claims may be made without departing from the 
true scope and spirit of the invention in its broader aspects. 

What is claimed is: 
1. A charged particle beam irradiation apparatus that irra 

diates an irradiation target with a charged particle beam, said 
apparatus comprising: 

a charged particle beam generator for generating the 
charged particle beam; 

a plurality of irradiation devices each for irradiating the 
irradiation target with the charged particle beam, 
wherein at least a part of said irradiation device group 
applies a different irradiation method; 

a beam transport system for transporting the charged par 
ticle beam extracted from said charged particle beam 
generator, to selected one of said irradiation devices; and 

a controller that modifies operating parameters of said 
charged particle beam generator according to the irra 
diation method adopted for said selected irradiation 
device. 

2. The charged particle beam irradiation apparatus accord 
ing to claim 1, wherein said controller modifies the operating 
parameters of said charged particle beam generator Such that 
a beam intensity level or beam size of the charged particle 

Jul. 8, 2010 

beam is changed according to the irradiation method adopted 
for said selected irradiation device. 

3. The charged particle beam irradiation apparatus accord 
ing to claim 2, further including: 

a detector for detecting a beam state of the charged particle 
beam extracted from said charged particle beam genera 
tor, and 

a judging device for judging whether the beam state that 
has been detected is normal; 

wherein said controller modifies judgment parameters of 
said judging device according to the irradiation method 
adopted for said selected irradiation device. 

4. The charged particle beam irradiation apparatus accord 
ing to claim 3, wherein: 

said detector detects a beam energy level and beam posi 
tion of the charged particle beam; 

said judging device judges whether detection results by 
said detector stay within allowable ranges; and 

said controller modifies the allowable ranges used as judg 
ment criteria by said judging device, according to the 
irradiation method adopted for said selected irradiation 
device. 

5. The charged particle beam irradiation apparatus accord 
ing to claim 4, wherein said plurality of irradiation devices 
include an irradiation device that employs a scanning irradia 
tion method. 

6. The charged particle beam irradiation apparatus accord 
ing to claim 5, wherein said controller modifies operating 
parameters of said charged particle beam generator so that the 
beam intensity and beam size of the charged particle beam 
that exist when an irradiation device employing the scanning 
irradiation method is selected will be smaller than the beam 
intensity and beam size existing when an irradiation device 
employing an irradiation method other than the scanning 
irradiation method is selected. 

7. The charged particle beam irradiation apparatus accord 
ing to claim 6, wherein said controller modifies judgment 
parameters of said judging device so that the allowable beam 
energy and beam position ranges used as judgment criteria by 
saidjudging device when an irradiation device employing the 
scanning irradiation method is selected will be narrower than 
the allowable ranges used as judgment criteria when an irra 
diation device employing an irradiation method other than the 
scanning irradiation method is selected. 

8. The charged particle beam irradiation apparatus accord 
ing to claim 7, wherein said charged particle beam generator 
includes a synchrotron. 

9. The charged particle beam irradiation apparatus accord 
ing to claim 8, wherein: 

said charged particle beam generator includes said syn 
chrotron having a high-frequency beam extraction 
device for extracting the charged particle beam by 
applying high-frequency electric power to the beam; and 

said controller operates Such that the Voltage applied to said 
high-frequency beam extraction device when an irradia 
tion device employing the scanning irradiation method 
is selected will be lower than the voltage applied when 
an irradiation device employing an irradiation method 
other than the Scanning irradiation method is selected. 

10. The charged particle beam irradiation apparatus 
according to claim 8, wherein: 

said charged particle beam generator includes said syn 
chrotron having a beam scraping device which, by 
inserting a beam scraper, cuts a part of the charged 
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particle beam while the beam is circularly revolving 
within said synchrotron; and 

said controller operates Such that a stroke through which 
the beam scraper is inserted by said beam scraping 
device when an irradiation device employing the scan 
ning irradiation method is selected will be greater thana 
stroke through which the beam scraper is inserted when 
an irradiation device employing an irradiation method 
other than the scanning irradiation method is selected. 

11. The charged particle beam irradiation apparatus 
according to claim 3, further including a second controller 
which, if said judging device judged that the charged particle 
beam extracted from said charged particle beam generator is 
abnormal, stops further extraction of charged particle beams 
from said charged particle beam generator. 

12. A charged particle beam irradiation apparatus that irra 
diates an irradiation target with a charged particle beam, said 
apparatus comprising: 

a charged particle beam generator including a cyclotron 
which accelerates the charged particle beam; 

a plurality of irradiation devices each for irradiating the 
irradiation target with the charged particle beam, 
wherein at least a part of said irradiation device group 
applies a different irradiation method; 

a beam transport system for transporting the charged par 
ticle beam extracted from said charged particle beam 
generator, to selected one of said irradiation devices; and 

a controller that modifies operating parameters of said 
charged particle beam generator and of said beam trans 
port system according to the irradiation method adopted 
for said selected irradiation device. 

13. The charged particle beam irradiation apparatus 
according to claim 12, further including: 

an energy adjusting system that changes energy of the 
charged particle beam extracted from said cyclotron; 

wherein said controller modifies operating parameters of 
said charged particle beam generator or of said energy 
adjusting system according to the irradiation method 
adopted for said selected irradiation device. 

14. The charged particle beam irradiation apparatus 
according to claim 13, wherein: 

said charged particle beam generator includes an ion 
Source for emitting the charged particle beam to said 
cyclotron; and 

said controller modifies data settings of said ion source 
Such that the beam intensity data settings of said ion 
Source that exist when an irradiation device employing 
the scanning irradiation method is selected will be 
Smaller than the beam intensity data settings existing 
when an irradiation device employing an irradiation 
method other than the scanning irradiation method is 
selected. 

15. The charged particle beam irradiation apparatus 
according to claim 13, including either, 
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said energy adjusting system including an aperture device 
in which plural kinds of apertures each for cutting part of 
the charged particle beam extracted from said cyclotron 
are selectively equipped; or 

said beam transport system; 
wherein said controller selects each of the apertures such 

that the amount of beam cut when an irradiation device 
employing the scanning irradiation method is selected 
will be greater than the amount of beam cut when an 
irradiation device employing an irradiation method 
other than the Scanning irradiation method is selected. 

16. A method of charged particle beam irradiation in which 
the charged particle beam generated by a charged particle 
beam generator is emitted in transported form to selected one 
of plural irradiation devices whose irradiation methods 
include a different irradiation method; wherein operating 
parameters of the charged particle beam generator are modi 
fied according to the irradiation method adopted for the 
selected irradiation device. 

17. The charged particle beam irradiation method accord 
ing to claim 16, wherein the operating parameters of the 
charged particle beam generator are modified so that a beam 
intensity level and beam size of the charged particle beam are 
modified according to the irradiation method adopted for the 
selected irradiation device. 

18. The charged particle beam irradiation method accord 
ing to claim 17, wherein judgment parameters for judging 
whether a beam state of the charged particle beam extracted 
from the charged particle beam generator is normal are modi 
fied according to the irradiation method adopted for the 
selected irradiation device. 

19. The charged particle beam irradiation method accord 
ing to claim 18, wherein allowable ranges for judging whether 
a beam energy level and beam position of the charged particle 
beam are normal are modified according to the irradiation 
method adopted for the selected irradiation device. 

20. A method of charged particle beam irradiation in which 
the charged particle beam generated by a charged particle 
beam generator which includes a cyclotron is emitted intrans 
ported form to selected one of plural irradiation devices 
whose irradiation methods include a different irradiation 
method; 
wherein operating parameters of the charged particle beam 

generator and of the beam transportare modified accord 
ing to the irradiation method adopted for the selected 
irradiation device. 

21. The charged particle beam irradiation apparatus 
according to claim 5, wherein said controller modifies oper 
ating parameters of said charged particle beam generator so 
that the beam intensity of the charged particle beam that exist 
when an irradiation device employing the Scanning irradia 
tion method is selected will be smaller than the beam intensity 
existing when an irradiation device employing an irradiation 
method other than the scanning irradiation method is 
selected. 


