10 Cctober 2003 1 ACCELERATOR SYSTEM BACKGROUND OF THE | NVENTI ON The present
invention relates to an accelerator systemfor accelerating an ion beamto
t hereby nake avail able the beam for therapy. More 5 particularly, the
present invention is concerned with an inprovenent of theCatber2063 or
system such that the accelerated ion bzan1can be utilized for therapy with
a high efficiency. As one of the accel erator systens designed for 10-
generating an ion beam (hereinafter also referred to sinply as the bean
for utilization thereof for therapy, such an accelerator systemis
her et of ore known which is destined for use in practicing treatnent of
cancer by irradiating an affected part of a cancer suffering 15 patient. A
typi cal one of such accel er att$iCEHySIAIAR iSISTHY%cl osed i n Japanese Patent
Application Laid-Open Publication No. 303710/1995 (JP-A-7-303710). Mbre

speci fi cal | pacrlesocvibedri AigEhir§venbhbgati on is an accel erator systemin
whi ch an ion source and a pre- 20 accelerator(s) are put into operation in

response to a triggerTségpaksganeravedriBndependance onmovenment (or
positional change) of an affected part of a patient to thereby accelerate

the beam f cacéamjecatoyg systamofarsyoebletaenngnawhiieh Heampeamis further
accel erated, 25 whereon the affected part of the patient is irradiated 10
Oct ober 2003nereby make available the beam for therapy. More
5 particularly, the present invention is concerned with an
improvement of the accelerator system such that the
accelerated ion beam can be utilized for tﬁérapy with a
high efficiency.
'As one of the accelerator systems designed for
10 . generating an ion beam (hereinafter also referred to
simply as the beam) for utilization thereof for therapy,
such an accelerator system is heretofore known which is
destined for use in practicing treatment of cancer by
irradiating an affected part of a cancer suffering
15 patient. A typical one of such accelerator systems is
disclosed in Japanese Patent Application Laid-Open
Publication No. 303710/1995 (JP=-A-7-303710). More
specifically, described in this publication is an
accélerator system in which an ion source and a pre- -
20 accelerator(s) are put into operation in response to a
trigger signal generated in dependence on movement (or
positional change) of an affected part of a patient to
thereby accelerate the beam for injecting it intc a
éynchrotron in which the beam is further accelerated,

25 whereon the affected part of the patient is irradiated




-2- with the accel erated beam outputted fromthe. synchrotron. Further,
anot her type of accelerator system for generating an accel erating beam for
maki ng use of it 5 for therapy is disclosed in "PROC. OF THE SECOND | NT" 1
SYMP. ON PET I N ONCOLOGY", May 16-18, 1993, Sendai Japam0 Clotsherb@2l in this
publication is an accel erator system-far producing an radi oi sotope by
irradiating a target such as a nitrogen gas or the |ike for the 10 purpose
of utilizimith the degmbsestedheeamucelepatbedsysbanther the treatnent of
cancer and the accel erator system for producing the radioisotope nmentioned
above are eﬁ%ﬁ}%ﬁ% the purpose of nedical treatnents, and thus it is
considered 15 that both the systens may be installed in one and the sane
facility. In this coﬁqﬁﬁﬁ¢¥w1aQQE#ﬁ%f Yhesef accelerator systems is of a

very Iarge ize and Qtf (3/ Consegquently, installation of both the systens
in one Cﬁweq 9 191 f%"ce}ae’é%l $ipeameforreakingoussnstdétabl y

| ar ge spac fIHH% td exi st s, e for mniaturization of

t hese agceﬁ%ratorqg§§P 1 aid] l?edﬁ%??oﬂggfT@ﬂesﬁﬁﬂﬂpaéyar|ﬁg costs of

these systsimp i %@IP?OH %W&&IZ@Y'COW Sle%tnfigljﬁg? éa%i?éFurt her, it is

noted that in the accel erator syste at ment of

Short peri od dur| ng"éﬁ%@h%%%%ifﬁé%%*?n{@d%ﬂ“g%%% fiFon. To say
in anothersw@ﬁend&kun®ﬁ%dﬁﬁld§1dﬁlradlolsotope by irradiating a
target such as a nitrogen gas or the like for the
10  purpose of utilizing it in diagnoses.
The accelerator system for thé treatment of
cancer and the accelerator system for producing the
‘radioisotope menticned above are employéd for ﬁhe
purpose of medical treatments, and thus it is considered
15 that both the systems may be installed in one and the
same facility. In this conjunction, each of these
accelerator systems is of a very large éize and bulky.
Consequently, installation of boﬁh the systems in one
and the same facility at a same site requires a
20 considerably large space. Consequently, there exists a
demand for miniaturization of these accelerator systems,
Besides, reduction of the manufacturing costs of these
systems is also a matter of concern, needless to say.
Further, it is noted that in the accelerator
25 system destined for the treatment of cancer, the beam

generated by the ion source is made use of only for a

short period during which the beam is injected into the

synchrotron. To say in another way, during a pericd in




10 October 2003 - 3 which the beamis accelerated in the synchrotron and
ej ected therefrom the beam being generated in the ion source is not
utilized. Thus, it can be said that the accelerator systemfor the
treatment of cancer is very 5 poor in respect to the utilixz@ttober 2108i ci ency
of the ion beam Naturally, operations ®f the ion source and the
pre-accel erator can be stopped during the period in which the beam
accel er at i o=l i theRMm ok s exerateranedOinstbar syrdhoatrbn the
synchrotron. In that case however, the availability factor of the ion
source and %Wﬁ§ﬁﬁi;Eﬂﬁ%ﬁ€ﬁ%W0rt@$Ibe%@ boieg edenevabedi saduhrt age. SUMVARY
OF THE INVENTI QN. In the |ight of the state of the art described 15 above,
it is an objéct ot %ﬁu??ﬁwﬁ&%&l?%@entT%%stoltp¢®ViH@ aaidctbher sher system
which can b ld.z8d size at | ow manufacturing cost and which
I

|
can nonethe%gﬁ?%ﬁiuﬁéﬁa%méﬁ?%ﬂ¥ Bt FoFR ERFT Ei @hcGaBFSENéS FBRYbeam 20
| i ft j ects. which i . b t th
esor bt Ton o aecane Al A S8 AL i CoSART aheereotot e

descri ption proceeds, I S provi
present invewdrpn an accel erator system which includes an ion source for

generating an ion beam a pre-accelerator for 25 accelerating the ion beam
generated by the ion m@ﬂuyﬁlf%J%gBéﬁéﬁﬁ 5¥(¥%@ipghu§5%r£8raharadiating a
target wth the ion beam accelerated by the pre-accel erator for
the pre-accelerator can be stopped during the period in
which the beam acceleration and ejection or extraction
10 is carried out in the synchrotron. In that case,

however, the availability factor of the ion source and

the pre-accelerator will be lowered, to a disadvantage.

SUMMARY OF THE INVENTION
In the light of the state of the art described

15 above, it is an object of the present invention to
provide an accelerator system which can be realized in a
small size at low manufacturing cost and which can
nonetheless ensure a high utilization efficiency of the
ion beam.

20 In view of the above and other objects which
will become apparent as the description proceeds, there
is provided according to an aspect of the present
invention an accelerator system which includes an ion
source for generating an ion beam, a pre-accelerator for

25 accelerating the ion beam generated by the ion source, a

radioisotope producing unit for irradiating a target

with the ion beam accelerated by the pre-accelerator for




10 Cctober 2003 -4- thereby producing a radi oi sotope, a synchrotron into
whi ch the ion beam accel erated by the pre-accelerator is injected and from
which the ion beamis ejected after the acceleration, and a sel ector

el ectromagnet for 5 introducing the ion beam accel er at ed1bQcidber POES
accelerator into either the radi oi sotapg producing unit or the synchrotron.
By virtue of the incorporation of the selector electromgnet in the

accel er at ortlsystleyn poscuaingdactagi o180t Bgel 08 BeaRL2EceLEr ated by the
pre-accel erator into either the radioisotope producing unit or the

synchr ot r orWhaeh deseridrdoadovecceéherabadbegmgengratadcei B rhRe i @3 source
can be constantly and consecutively wutilized by the radioi sotope producing
unit and t RIS Shcandt Foer owhght btheuthnabeamgésent ethatl teeiron beam is
injected into the synchrotron when it is demanded while otherw se the ion
beam i s suppl§ FIDIeFrRt ekl i2nd sot speptoduelagtuninegnahereby t he beam
utiIizaEion eff|ciency can be inproved and enhanced significantly. 20 In
par ti cuPar TTHWHGF 9T e artangetent 2efal erakedohy sbarpseand t he

pre-accel erator. are shared in, the _synchrotron which denands the ion

b
beam onl y T &R em?P o H%%% g%%i6?§b¥bﬁ%tﬁp8dﬂépﬁgcéﬁgtUmﬁtch

requires t tinuously, the utilization 25 efficiency of the beam
can be enhgﬁbgﬁ%ggﬁggﬁg%#V;NIFurthernDre, because the ion source and the

pre-accel erator are W%i%e()fo@stﬁ@%{ﬁgopgé}r’\gggo}l hcle the selector

electromagnet in the accelerator system for introducing

10 the ion beam accelerated by the pre-accelerator into
either the radicisotocpe producing unit or the |
synchrotron, as described above, the ion beam generated
in the ion source can be constantly and consecuﬁively
utilized by the radicisotope producing unit and the

15 synchrotron owing to such arrangement that the ion beam
is injected into the synchrotron when it is demanded
while otherwise the ion beam is supplied to the>radio-
isotope producing unit, whereby the beam.utilization
efficiency can be improved and enhanced significantly.

20 In particular, owing to the arrangement that the ion
source and the pre-accelerator are shared in use by the
synchrotron which demands the ion beam only intermit-
tently and the radioisotope producing unit which
requires the beam continucusly, the utilization

25 efficiency of the beam can be enhanced remarkably.

Furthermore, because the ion source and the

pre-accelerator are made use of as shared between the

radioisotope producing unit and the synchrotron, the




radi oi sotope producing unit and the synchrotron, the 10 Cctober 2003 - 5
systemas a whole can be inplemented in a small size at |ow manufacturing
cost when conpared with the arrange- ment in which the ion source and the
pre-accelerator(s) are provided separately for the radi oil6é@otgher@ooéuci ng
S unit and the synchrotron, respectivelyg The above and other objects,
features and attendant advantages of the present invention will nore

ily b b I, N he _f ] sGgrip- ti of, the preferred
Do mont 5 Theyonr T alkend b6l =By S0 g I L Ampre s Hodoni e 0 wi ¢

the accompanyéigrasti2u ags: nBRLEE DESCR BTON. OF JHE-DRAW NGS I the course

of the description which follows, reference I1s ma awi ngs, in

whi ch: 15 Hignt |in Swiei bh ocke di 88" 35LsBEWLAY gﬁ@eFéle_Lxc%e%Qr%%oir’}fs a
radi oi sotope producing unit; Fig. 2D illustrates timngs at which beam

configurathﬁt&ﬁpznwrmaeleépiﬁatsygtearaﬁﬁ@rﬁhagoigoéaFee ggierRly of the
present invention; Figs. 2A to 2F show diagranms for illustrating “operation
of the aécelwrdl cndystenyymberet nofr gre@pettiuslyates a waveform of a beam
current generated by an ion source; Fig. 2B. illustrates a waveformof a
current The above and other objects, features and

attendant advantages of the present invention will more

easily be understood by reading the following descrip-

tion of the preferred embodiments thereof taken, only by

10 way of example, in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION_OF THE'DRAWINGS

In the course of the description which

follows, reference is made to the drawings, in which:

15 Fig. 1 is a block diagram showing generally a
configurafion of an accelerator system according to an
emﬁodiment of the present invention:

Figs. 2A to 2F show diagrams for illustrating
operation of the accelerator system, wherein

20 Fig. 2A illustrates a waveform of a beam
current generated by an ion source:

Fig. 2B illustrates a waveform of a current
supplied to a selector electromagnet of the accelerator
system from a power supply circuit;

25 Fig. 2C illustrates ion beam shots introduced
into a radioisotope producing unit;

Fig. 2D illustrates timings at which a beam




supplied to a selector electromagnet of the accelerator systemfroma power
supply circuit; Fig. 2Cillustrates ion beam shots introduced 10 Cctober
2003 6 injection command and a beam ej ection command are issued; Fig. 2E
illustrates a current of ion beam shots injected into ajiGpebent0@n through

a beam5 injection unit; and Fig. 2F illustrates a waveformof a current
supplied to a deflection electronagnet onstituting a part of a
synchrotro |s a Vi Qomn schenatlcall a 10 structure of an
|rrad|at|on %é& EhoWi i F?@ ejﬁﬁﬁﬁ@“aCQF@ﬁ“ﬁlP6§trat|ng

posi ti onal % hange of an affected part as a function of tinme |apse; Fig. 4B
is a vieM/iﬁ ustrating change of respiration flowrate of a patient as a

function of tine 15df9£5e2Eafglu%9raég§i§ 88¥%§MI?§ n@gg EEnlngs at whi ch

an injection conman d ‘an ejectron conmafi BRI PTI ON OF THE

EWBCD'NENT%HBE%Fﬁﬁﬁéﬁﬁeerﬁ%%'9”s¥ﬁéﬁr9€rgﬁ59££88gre %ga etail in

conjunction with what is presently considered erre or typical
enbodi nént sirttereioin byni€f esece to the drawings. In the follow ng

description, like reference characters designate |ike or correspondi ng
parts throughout the Beyeral VikPwsStrates a waveform of a current
supplied to a deflection electromagnet constituting a
part of a synchrotron;
Fig. 3 is a view showing schematically a
10 structure of an irradiation system shown in Fig. 1:
Fig. 4A is a view illustrating positional
change of an affected part as a function of time lapse;
Fig. 4B is a view illustrating change .of
respiration flow rate of a patient as a function of time
15 lapse; and
Fig. 4C is a view showing timings at which an

injection command and an eijection command are issued.

DESCRIPTION OF THE EMBODIMENTS
The present invention will be described in

20 detail in conjunction with what is presently considered
as preferred or typical embodiments thereof by reference
to the drawings. 1In the following description, like
reference characters designate like or corresponding
parts throughout the several views.

25 Figure 1 is a block diagram showing generally

a configuration of an accelerator system according to a

preferred embodiment of the present invention. As can




25 Figure | is a block diagram showi ng generally a configuration of an
accel erator systemaccording to a preferred enbodi nent of the present

i nvention. As can 10 Cctober 2003 -7- be seen in the figure, the accel erator
system according to the instant enbodi ment of the inventiloQctoberc20®3ri sed

of an ion source 1 for generating an ion,beam (hereinafter also referred to
sinply as the bean), a 5 radio-frequencCy’ uadrupol e |inear accel erator or

| i nac (her%inafter.als referred to as the RFQ linac) 2 for accelerating
the beam a(ﬁﬁ%ﬁeQLﬁﬁ3¢H§E§9q%ﬁ%0 et effedleratas sHELEM BimaciiBgserving

al so for acgelerati.ng . .the beam.a selector electromagnet 4 for adjusting 10
selectivelnghgjﬁ%éﬁ%ﬁ?ﬂq ?ﬁ%%ﬁﬁW%ﬁﬁiﬂg the BREFICHEReiS SOPPF¥SErrcuits
5a, ..., b5d {or |y electric power . to the.i.on source 1, the RFQ

li nac 2, theOf([))'FqSili%c and e‘fh%"%e‘f%%?%?t)e’ll%c??o?@@n@?a‘ﬂ, respectively, a
radi o i soto | i I ng radi oi sptope 15 (hereinafter

al so referr2(31e'?:)eg'gls%lcfll:\t’gléqﬁc (L)%hsts %‘{?‘%f%gs@%cﬁgmﬁf n®% FoF B8&Berdting the

beam {0 8 gizéer) o-meiiierl Ay Shu 08 RO Blo AL LELAGLALLON V5L M T or

irradiating an affected part” of a cancer suffering pafien th%the beam

ej ect ed fronhicre SHTTRIOEING he Lo rol APPagabUS: QL FoptEglLler 9 for
controlling the wvarious conponents nentioned above, and others. In the

case of theascedlesrationy syst ereaccer gt ocdhe 1184@Nta1 89DPIEIERLy t WO
accelerators, i.e., the RFQlinac 2 and the DT linac 3 are enployed as the
pre-accel er &Poes. the DT linac} 3 serving also for accelerating the
beam, a selector electromagnet 4 for adiusting
10  selectively the beam orbit by deflecting the beam, power
supply circuits 5a, ..., 5d for supplying electric power
to the ion socurce 1, the RFQ linac ‘2, the DT linac 3 and
the selector eléctromagnet 4, respectively, a radio-
isotope producing unit 6 for producing radioisotope
15 (hereinafter also referred to as RI for short), a
synchrotron 7 for accelerating the beam to a given
energy level for ejection, an irradiation system 8 for
irradiating an affected part of a cancer suffering
patient with the beam ejected from the synchrotron 7, a
20 control apparatus or controller 9 for controlling the
various components mentioned above, and others. In the
case of the accelerator system according to the instant
embodiment, two accelerators, i.e., the RFQ linac 2 and
the DT linac 3 are employed as the pre-accelerators. To
25 this end, however, combination of a synchrotron and an

electrestatic accelerator may equally be resorted to.

Description will now be directed to the

operation of the accelerator system shown in Fig. 1. At




25 this end, however, conbination of a synchrotron and an electrostatic
accelerator may equally be resorted to. Description will now be directed to
the operation of the accelerator systemshown in Fig. 1. At 10 Cct ober 2003
-8- first, a value of voltage required for generating a bEaOctober 2008 i on
source 1 is outputted fromthe controll e 9 to the power supply circuit 5a.
Further, voltage values or current values are outputted fromthe controller

9to 5 th | ropi 5 24 Liyely,
to € pawelt Supbly &l r&f”‘}éjfé%‘ﬂe 55?{“%@% vgfggz g%S%%tlﬁg EoRERBI I er 9

simul taneously with the output o e Vo

to the poverirsupd Yidd redlitcda M &, SREELEI f%rlnytpgr gtggk?-ﬁgﬁggg%ncy

vol tage value required for the RFQli'hac 2 to acce gener at ed

in 10 the iamfﬂhHprWEﬂf%&pﬁﬂ#i&ikéﬁﬁﬁh§aP0“@ﬁr§H991yvﬁi%§§Etva?BFsa
radi o-frequency voltage value required for the DI |1Inac 0 accelerate

further thecieammacosl erstesh yre thet R d NAEoR tBeSHBRLFEH LR @hg power
supply circuit 5c, and a current value required for the sel ector 8

el ect r onagnéthe pawemtsumhice diordiiet RISy ositicang Q) t réspkbeibeay
accelerated in the DT linac 3 is supplied to the power supply circuit 5d.
These radi oSEFEGFEIGPUSI teige) cute emitivat ueS the ol pagéedalnentibr
controller 9. 20 The paower supply circuit 5a is designed to supply to the
i on source fhPh§QHHQQ£ﬁ?Rﬁ9tQRaﬁﬁﬂlRPWRﬁﬂiﬁﬁﬁéﬂ ot reohtmbded Byréhe

controller 9. U )
%pec@%@cally, a radio-frequency voltage value required

for the RFQ linac 2 to accelerate the beam generated in

10 the ion source 1 is supplied to the power supply cifcuit
5b, a radioc-frequency voltage value required for the DT
linac 3 to accelerate further the beam accelerated by
the RFQ linac 2 is supplied to the power supply circuit
5c, and a current value required for the selector

15 electromagnet 4 to introduce to the RI preducing unit 6
the beam accelerated in the DT linac 3 is supplied to
the power supply circuit Sd. These radio-frequency
voltage/current values are outputted from the controller
9.

20 The power supply circuit 5a is designed to
supply to the ion source 1 the voltage of the value
designated or commanded by the controller 9. Upon
application of the voltage, the ion scurce 1 generates
the beam conforming to the commanded voltage value,

25 which beam is then outputted to the RFQ linac 2. The
power supply circuit 5b supplies to the RFQ linac 2 a

radio frequency voltage of the value designated by the

controller 9. 1In response to application of this




application of the voltage, the ion source 1 generates the beam conform ng
to the commanded vol tage val ue, 25 which beamis then outputted to the RFQ
linac 2. The power supply circuit 5b supplies to the RFQlinac 2 a radio
frequency voltage of the val ue designated by the control{®Octbet 2003esponse
to application of this 10 Cctober 2003_-§- voltage, the RFQ linac 2

accel erates the beamoutputted fromthe ion source 1 in conformance with

the radio- fagueRcy vl t 14 C ted beam being then inputted to
the DT linac 3. The pome;agggﬁfgﬁ%?%d%%?gg%r%t%ﬁpg$?eéeg% PHEPBY¥tPRnac 3 the

radi o- f r equeémoyn woldt age Qfutde 1V3_«irPec<frPf@PrH€rﬁ9e g}fﬂ;ﬁ‘%ﬁgngégl ler 9. Upon
age, the

application of the radi o-frequency vol i nac tlelerates the

beam out put et queomyt e IREQd, naee Zddk1LONQ NBIGE b0 hbe, gomanded

vol t age, the beam 10 accel erated being then outputted to e sel ector

el ect ronagnénpatted ttoe totch@T Hanthe the pmm@@xﬁugplyupﬁi%cgi£cégtoygputs a
current of the value designated by the controller 9 to the selector

el ect r oragn&EPRLKisc o téspTdd iy & ctHy geiies-attegudhey waneihe field 15
conformng tgo the current command to thereby deflect correspondingly the
beam out put Péd PRoifALRE DPMMangeB by wher emntttel hean or bigon s so adj ust ed
that the. beamcan_,be introduced into the Rl producing unit 6, which in
turn irradi 8PBs*53FaPgeCT( &Ehg. radicodarayenicyvvdi tawee 20cHead® i ndnaduced vi a
the sel ectog glgg ro gnet 4 to thereby produce RI, e.g. radioisotope of
ni t r ogen. c erates the beam outputted from the RFQ linac 2 in
conformance to the commanded voltage, the beam
10 accelerated being then cutputted to the selector
electromagnet 4. On the other hand, the power supply
ci;cuit 5d outputs a current of the value designated by
the controller 9 to the selector electromagnet 4 which
responds theretc by generating the magnetic field
15 conforming to the current command to thereby deflect
correspondingly the beam outputted from the DT linac 3,
whereby the beam orbit is so adjusted that the beam can
be intrcduced into the RI producing unit &, which in
turn irradiates a target (e.g. nitrogen gas) with the
20 beam introduced via the selector electromagnet 4 to
thereby produce RI, e.g. radicisotope of nitrogen.
Figure 2A shows a current value of the beam
generated by the ion source 1. As can be seen from Fig.
2A, in the ion source 1, the beam is generated in the
25 form of pulse-like beam shots, so to say, periodically

at a predetermined interval. This scrt of beam can be

generated by designating the voltage value in a pulse-

like fashion periodically at the predetermined interval




Figure 2A shows a current value of the beam generated by the ion source 1.
As can be seen fromFig. 2A in the ion source 1, the beamis generated in
the 25 form of pulse-like beam shots, so to say, periodically at a
predetermned interval. This sort of beam can be generat®#dObtipbee2iognati ng
the voltage value in a pulse- I|ike fas%\gg periodically at the predeterm ned
interval 10 COctober 2003 10- to the power supply circuit 5a fromthe

control ler ., +phowyjd Fi is.a waveformof the current supplied to
the sel ector el ect \re%r\f}aég}neslih%f]f%goénﬁ%%g%oﬁ%rE%?fﬁp\t?e cPrEEPtiss. gFor

i nt roduci ng shieyrbagmsing 0 dghe Rl gyﬁi ng-unit 6, the current of the
value or level la islgtppligh f%i?ﬁégse ec %r@%%e%¥F5ﬁB§n§Ppﬁfl rther

i |l ustrat ed tion theg.sedCdte @ LI ISHmARIdE Prel Lt he, beam
i ntroduced into the Rl producing uni t@%. It c%egiés %‘ﬁg%h% Se\lg%n t he

current |a showuiitn 5Ei.g. F2B iinthaupid echd il SeLECERE ghectromagnet 4,
the pulse-like beam (or a series of beamshots, so to say) I1s introduced

into thed Rl pgrdadgdingg umiitt 6. thputdmetento dhetleonts Dhé esr 91 8¢€1 apgi nj ecti on
command and an ejection command fromthe irradiation 15 system8. In this
conj unct i on; st FEPpetiesd tof tihss ielgecttide & Ijectémngeermand Bagchde ej ection
command fromthe irradiation system8 will be described hereinafter. Upon
recepti on oftlt-HEtirAftest iion Fd@meddd isuch cirrent ustkae eolr i InFemsi2P from t he
receptior ) ma
irradiation §yshem 8, 20 the controller 9 changes the current value conmmand
ol” the beam introduced into the RI producing unit 6. It
can be seen that when the current Ia shown in Fig. 2B is
10 supplied to the selector electromagnet 4, the pulse-like
beam (or a series of beam shots, so to say) is
introduced into the RI producing unit 6.
Inputted to the controller 9 are an injection
command and an ejection command from the irradiation
15 system 8. In this cqnjunction, the method of issuing
the injection command and the ejection command from the
irradiation system 8 will be described hereinafter.
Upon reception of the injection command such as
illustrated in Fig. 2D from the irradiation system 8,
20 the controller 9 changes the current value command
issued to the power supply circuit 5d to the value or
level Ib from the level Ia. Incidentally, the current
level Ib represents the value of current required by the
selector electromagnet 4 for introducing the beam into
25 the synchrotron 7. The power supply circuit 5d responds

to the current value issued from the controller 9 to

thereby change the output current value to the level Ib

from Ia, as is illustrated in Fig. 2B. As a result of




i ssued to the power supply circuit 5d to the value or level Ib fromthe
level la. Incidentally, the current Ilevel Ib represents the value of
current required by the selector electromagnet 4 for introducing the beam
into 25 the synchrotron 7. The power supply circuit 5d resOateber 2008 t he
current value issued fromthe controller; 9 to thereby change the output
current value to the level | fromla, as is illustrated in Fig. 2B. As a

b . .
result of ggyo@ﬁé %?gie%%é_fggi§§g§ggFg%gﬁs bsF%éeg% enerated by the

sel ector electromagne anges ndi ng change

{1 ol 0 gonerat ed by i PeoE ST Sater ol BolPhiagiBl CA" AT TATT s b

field generated by t 5 sel ect ctromagnet beamis

| nj ected i ntside oyneheobeen: TorUeAD SR BLEBCRL, LALENGLI on of the

beaminto the synchrotron 7, the current valué issued t0 the power supply

circuit 5d frifimdiee cont £i9é | RigRet Scagabnachaneedauet f erihe level la 10
fromlb. In response, the power supply circuit 5d changes the out put

current Svalamsledierectlécomndgnéevel tankeqhibntag,i khesbeakedsin Fig. 2B
Thus, the beamis again introduced into the R producing unit 6 via the
sel ector eliedsdiragniettd. the shishjonconre, itpshoubfiplstbennertioned t hat
the selector electronmagnet 4 enployed in the accelerator system according
to the i nstdHtroEifoRent Bie theannienti bhe shpnthrptebar abl yhiee

inplenented in the formof a |laninated el ectromagnet constituted by
Igﬁi nati ng P PDIiz3erRd shehs power supply circuit 5d from

the controller 9 is again changed cover to the level Ia
10 from Ib. 1In response, the powér supply circuit 5d
changes the output current value therecf from the level
Ia to Ib, as illustrated in Fig. 2B. Thus, the beam is
again introduced into the RI producing unit 6 via the
selector electromagnet 4. At this juncture, it should
15 be mentioned that the selector electromagnet 4 employed
in the accelerator system according to the instant
embodiment of the invention should preferably be
implemented in the form of a laminated electromagnet
constituted by laminating a plurality of steel sheets
20 each of about 1 mm in thickness for realizing the
selector operation mentioned above at a high speed.

The beam deflected toward the synchrotron 7 by
the selector electromagnet 4 is then injected into the
synchrotron 7 by means of a beam injection unit 71. 1In

25 this conjunction, the current or intensity of the beam
injected into the synchrotron 7 is illustrated in Fig.

2E. As can be seen from Figs. 2B and 2E, the beam can

be injected into the synchrotron 7 only when the current




20 each of about 1 mmin thickness for realizing the selector operation
nment i oned above at a high speed. The beam defl ected toward the synchrotron 7
by the selector electromagnet 4 is then injected into the synchrotron 7 by
means of a beaminjection unit 71. In 25 this conjuncti ofg Octobec200FENt Or
intensity of the beam injected into [h§%§ynchrotron 7 is illustrated in
Fig. 2E. As can be seen fromFigs. 2Band 2E, the beamcan be injected
into the sxgghg&%r nV7 O?Jy.mhen tge urrent 10 Oct ober 2003 -12- of the
level Ib is supplied to thel2efBRPAICEl &0t FhE REJNETOF SHREWEam i nj ect ed
into the s ron 7-i | ect. der .the._infl uence of the nagnetic
field genera é%ébﬁ'a %%?I%gg%oggéggggaoﬁﬁéﬁeghfz?ﬂﬁ?qﬁﬂgfq?:kn&sthe orbi t
of the beamd I b h tien. el ectr et..72., Further, the
MAd 51 SO & Ohh &Ly bYRL Fnaggébgg LeN e ﬁ%@%gﬁg% fl%}ﬂ1

beam wundergoes a tuning contro the magne 1ds erated by a

quadr upol e pdrest £ OFRARet 3 73 80cthabnt BecheapLGAR tCHCUl gt.e (r; JFun around
t hrough a vacuunlduc?ﬂgo 74 stably.nPargﬁtheti aIIy,Zthe%ﬁéFlegtion electro

magnet 32 an t heheusels pobe ehechbeamBgBetoA8rangedPhvicded with a power
supply circuit (not shown), respectively, wherein thé strength of the

magnet i ¢ fidd il genicoateldebyrohagetecleomagaet haent icbeedeahove is 15
controlled by the current supplied fromthe associated power supply.
circuit. OUIERAIEES theteuinentensuppl iirdert bhehradekldct ifde lelsect r omagnet
72 and the quadrupole electromagnet 73 are controlled by the controller 9.
generated by a quadrupole electromagnet 73 so that the
beam can circulate or run around through a vacuum duct
10 74 stably. Earenthefically, the deflection electro-
magnet 72 and the quadrupole electromagnet 73 are
provided with a power supply circuit (net shown),
respectively, wherein the strength of the magnetic field
generated by the electromagnet mentioned above is
15 controlled by the_current supplied from the associated
power supply circuit. Of course, the currents supplied
to the deflection electromagnet 72 and the quadrupole
electromagnet 73 are controlled by the controller 9.
Within a radio-frequency accelerating cavity
20 75, a radio-frequency voltage is applied to the beam
circulating through the vacuum duct 74, as a result of
which energy of the beam increases. 1In other words, the
beam is accelerated. 1In addition to the increase of the
beam energy, the strength of the magnetic fields
25> generated by the deflection electromagnet 72 and the
quadrupole electromagnet 73 is also increased, whereby

the beam can circulate or run around through the vacuum

duct 74 with high stability. Referring to Fig. 2F,




Wthin a radio-frequency accelerating cavity 20 75, a radio-frequency
voltage is applied to the beam circulating through the vacuum duct 74, as a
result of which energy of the beamincreases. In other words, the beamis
accelerated. In addition to the increase of the beam enet@®ctabee2@id engt h
of the magnetic fields 25 generated by the deflection el ectromgnet 72 and
the quadrupole el ectronmagnet 73 is al §63rncr eased, wher eby the beam can
circulate or_.run aroqu t hrough the vacuum duct 74 with high stability.

Referring t F¥8§ U 1l ciaind @00mveiarm gbr hescitkkastr atpdlaedavef or m
Prom this Feadte e R o e KT TAERTE + P dek? obfnohe. apent Fammonet 72
the magnet i ¢ Teld S st ior a5 o HOATGETE oS cTRE: HEFMBREESP? | ol S0
ovel vi thi e Tt 0 FRE 8 bRt 33950 2T hER t he beam

accel eragi n@e@ﬁgraw%ﬁcﬁiﬁggqr}n’i n;a}{éecgtrr%{{%ﬂgugflt{};{e I@g%gjégféisgg?igmmnd i's

issued to the controller fromthe irradiation’'sys ustrated
in Fig. 2D. generespenss ther @éﬁlédﬁo&%ﬂté@&f&ﬁa?n@ Uses; g Qf%é‘po' e
|

el ectromagnet 76 to apply 15 a hexapol e magnetic eld to the beam bringing
about resopaseasiifitlde beam which results in increasing of the vibration
anplitude of the beam At this tine
When the beam energy has been increased up to
the desired level within the radio—frequeﬁcy accelerat-
10 ing cavity 75, then the beam accelerating operation is
terminated. Subsequently, an ejection command is issued
to- the controller 9 from the irradiation system 8, as
illustrated in Fig. 2D. In response thereto, the
controller 9 causes a hexapole electromagnet 76 to apply
15 a hexapole magnetic field to the beam, bringing about .
resonance in the beam, which results in increasing of
the vibration amplitude of the beam. At this time
point, the beam is ejected from the synchrotron 7
through a beam ejection unit 77. After the ejection of
20 the beam from the synchrotron 7, the strength of the
magnetic field generated by the deflection electromagnet
72 is lowered. To say in another way, deceleration is
effectuated. 1In this conjunction, it should be added
that the current supplied to the deflection electro-
25 magnet 72 is maintained to be constant during a time

period from the acceleration of the beam to the ejection

thereof and decreased after the beam ejection, as is

illustrated in Fig. 2F. The beam ejected from the




point, the beamis ejected fromthe synchrotron 7 through a beam ejection
unit 77. After the ejection of 20 the beamfromthe synchrotron 7, the
strength of the magnetic field generated by the deflection el ectronagnet

72 is lowered. To say in another way, deceleration is efi@CctebeeB003 n this
conjunction, it should be added that thgscurrent supplied to the deflection
el ectro 25 magnet 72 is maintained to be constant during a tinme period from
t he accel er at{:pphebtthg be kect an har_eqf . . decreased after

t he bean1ejec¥ion, as is ??}Eg?&g?ggk%% E?th%Faﬁﬁ%94§§§ Qﬂ%&éﬁﬁpf omthe

10 Cctober 2068 i#dad$yBaeBROLEORNT aifSebianspaied @ the idfadiati on system
8 for irradiation of an affected part of aE%atient W;{éﬁue{r{]e%l?g{m It goes

wi t hout sayi®igetheemdur inggbbe pethedt isaywhigChhihe Reamd $HRCGRI AR ed for
ejection by the 5 synchrotron 7, the ion source 1 continues to generate the
beam to be sipp¥hdehtbhehbe®h psoduckdgraniet Gor Eij@wtdch by and ew showi ng
schematically a structure of the irradiation systemB. Referring to the
figure, the PEREHEPEEeRd’frbhet hensynohcet Lorohtifuesdergoescaditest nent i n
respect to the qorbit and the tuning by nmeans of a deflection el ectronmagnet
81 and a q 3%%@% &P ke r BHBBALEABROOERENRI Pradiugtingn usyist ém 8 to be
subsequent |y transporggd to sganning el ectro magnets 83a and 83b which are
provi ded for beam 15 def?®ttiontand ¥:8KnFReViTe erhsmapdcatlfe scanni ng

el ectromagnel;s, 834, and, §3t grfrgggiggggntgyggggrgte Referring to the
figure, the beam ejected from the synchrotron 7
10  undergoes adjustmeht in respect to the orbit and the
tuning by means of a deflection electromagnet 81 and a
- quadrupole electromagnet 82 gf the irradiation system 8
to be subsequently transported to scanning electro-
magnets B83a and 83b which are provided for beam
15 deflection and scanning. To this end, the scanning
electromagnéts 83a and 83b are designed to generate
magnetic fields orthogonal to each other. The beam
passed through the scanning electromagnets 83a and 83b
is used for irradiating an affected part of a patient
20 positioned fixedly on a treatment bed after having
passed through a dose monitor 84 which is so designed as
to measure the dose of the beam to thereby issue an
ejection stop command to the controller 9 when the dose
measured has attained a preset value of the dose. 1In
25 response to the ejection stop command, the controller 9
stops the ejection of the beam. ©On the other hand, a

flow rate monitor 85 is operatively connected tc the

patient for measuring the flow rate of his or her




magnetic fields orthogonal to each other. The beam passed through the
scanni ng el ectromagnets 83a and 83b is used for irradiating an affected
part of a patient 20 positioned fixedly on a treatnment bed after having
passed t hrough a dose nonitor 84 which is so designed as10 Octoten2d03® t he
dose of the beamto thereby issue an ejection stop command to the
controller 9 when the dose neasured hHas’attained a preset value of the
dose. In 25 response to the ejection stop command, the controller 9 stops
the ej ecti ot of - thR9 bBANFEBRITAEIGPRer THEN@ULRUT [Sdwhedt e firdiig GFLB6 i s
operatively nected to_the atient for nmeasuring the flowrate of his or
her 10 Cct o%%?gztg%%lt“ig-S%réHFEFﬁElHP PdspheatiesP I Thte Butiafe signal of the
flow rate i{@é 8€ i ndicative of %h% respiration rate is inputted to a
conpactor 8 TR ‘F?‘P@?Cg%sé Q3 WE18Rd 2a Id&Son®Tmsedet val ue are

set in adv 5 us, o] r conpares . the inputted respiration
rate with ?ﬂif??r%%@p$e§%?89g|gggg%g F%guseESﬁdsﬁFeégtadﬁ%ﬁi&' respectively.

oS, TP AR £ahEaleBENgR cbRBALLLELAR! SREL Al TR IS GATpact or 80

i ssues an injection command to the conhtro i e Tssul

ej ection coramndeitienckbers espi paktkap Fat gehasqattal h nd preset
value. At this juncture, descri%tion w || ge g?rgﬁgeg%gfg%a%ﬁéﬁﬁgd of

setting thevdiust peesettyatle. an%éh%n&%@ﬁ?ﬂﬁ@&@h vakie rakridhe
conpactor 86 of the 15 irradiation system8. It is assuned, only by way of
the first preset values, the compacteor 86 issues an
injection command to the controller 9 while issuing an
10 ejecﬁion command when the respiration rate has attained
the second preset wvalue.

At this juncture, description will be directed
to a method of setting the first preset value and the
second preset value for the compactor 86 of the

15 irradiation system 8. It is assumed, only by way of
example, that the affected part of the patient is
located in the vicinity of lung. Reference is made to
Figs. 4A, 4B and 4C, wherein Fig. 4A shows positiocnal
change of the affected part as a function of time lapse,

20 Fig. 4B shows change of the respiration rate of a
patient as measured by the flow rate monitor 85, and
Fig. 4C shows timings at which the injection command and
the ejection command are outputted, respectively. When
the affected part is located closely to the lung of the

25 patient, the position of the affected part will change

in conformance to the breathing or respiration of the

patient, which means that difficulty is encountered in

irradiating the affected part with the beam with a




exanple, that the affected part of the patient is located in the vicinity
of lung. Reference is nade to Figs. 4A, 4B and 4C, wherein Fig. 4A shows
positional change of the affected part as a function of tinme |apse, 20 Fig.
4B shows change of the respiration rate of a patient as peamidsRd2003t he
flowrate nonitor 85, and Fig. 4C shows;dimngs at which the injection
command and the ejection conmand are outputted, respectively. Wien the

af fected pardessrédcatedrekgsel ynt enthe .the 25 patient,, the position
of the affected part will change in Coﬁ%g?%é‘%féemﬁ% tl%elﬁrélé’ttfﬁ%d:h@rt

respiration ©fetpesiphdheof, thbi sfiraeany phat dihhi.eul Ly, coyntered in
irradiating the affected part with the begn1mﬁthaag%§ géﬁﬁiﬁa ¥ 16-

desired accuF¥Rshromoesly Ebhhunheiohanbbsigfnehgdrgg?gragq% pasifj on of the
af fected part changes substantially synchronously with the éhanges of the
respiration 3% ¥ dtlee opat henpasndnthandthbaththgecbangeohddie ;R@si tion 5
of the affected part_becones mninmumat a | ocal mninmm value of the
respiratiron ?qeo%%r Aefecked prbe Beeamea mEngeumdAtand 16BalThUSimig Wil | be
appreci ated that b irradiatjng the affected part with the beam by ejecting
it from the Syrithr r?ﬂ?7I%§E%F%%%°?e§bPWa¥ﬁéﬁ:fBémﬂaatéeleeassumes t he

| ocal mini 0 val accurate irradiation of the affected part with the
beam can bg%gg%%np | SHE ,Jgéve YWhentt hel hosPei BRPBECELRESHT thetebypart

i esent P (R BT TR o LB SRR

it from the synchrotron 7 when the respiration flow rate

10  assumes the local minimum value, accurate irradiation of
the affected part with the beam can be accomplished,
even Whe§ the position of the affected part should
change. Thus, in the system according to the instant
embodiment of the present invention, the local minimum

15  value of the respiration flow rate is set as the second
preset value mentioned previously, as is shown in Fig.
4B, wherein the ejection command is cutputted to the
controller 9 when the respiration flow rate assumes the
local minimum value, as shown in Fig. 4C. Furthermore,

20 in order to ensure that the synchrotron 7 is in the
state capable of ejecting the beam when the respiration
flow rate assumes the local minimum value, the local
maximum value of the respiration flow rate is set as the
first preset value mentioned hereinbefore, and the

25 injection command is issued to the controller 9 when the

respiration flow rate assumes the local maximum value to

thereby allow the beam to be injected to the synchrotron

7.




15 value of the respiration flowrate is set as the second preset val ue
nmentioned previously, as is shown in Fig. 4B, wherein the ejection command
is outputted to the controller 9 when the respiration flow rate assunes the
| ocal m ni mum val ue, as shown in Fig. 4C. Furthernore, 2010 @ciobee200d30 ensure
that the synchrotron 7 is in the statejgapable of ejecting the beam when
the respiration flow rate assunes the local m ninmum val ue, the | ocal

maxi mum val ue of the rgspigali fl e.is_set _as the first preset value
nenti oned herei nbefore,  an tHgQ%S ?ﬁg%@%i%ﬁcggﬁﬁsﬁari§y§§§@ed to the

controller %GMU¥Hﬂﬁ§*tde§ﬁ%rfﬁéé&hé'QMbéé&ﬁe§§58HE§h%h§ %gﬁ%%pnaxinun1value

to thereby allow the beamto be injected to e synchro 710 Oct ober

2003 -17- | nhehisuonay dn dhei aceeberat Ofnsyste oL4i | pstant
enmbodi nrent of the invention, the anpunt of exc?%gggo%g%?gfhgaégggc?or

el ectromagnéts &hargjechangeds sw asl1ow athovwéhe beapet onbectpihected,Lto the 5
synchrotron 7 in response to the injection command issuéd to the controller

9 when the sedihrattimm f1om redmorde the ofé echipdepash asswarg the |ocal
maxi num val ue while the synchrotron 7 can assune the state capable of

ej ecting t héSEe&A & tthe tdant ywl kvr whevhemetHO tesplratbbAufliyal ue makes.
appearance in the flowrate of respiration. Thus, the affected part of the
patient canT3&Ecfattdsy P agtatinaed. 29w umes hehdebogat omaxgneat advant age.

Al t hough it _has been.nmenti oned that the
9 vaiue while gﬁe synchrotron 7 can assume the state

capable of ejecting the beam at the time point when the
10 local minimum value makes,appearaﬁce in the flow rate of
respiration. Thus, the affected part of the patient can
accurately be irradiated with the: beam, to a great
advantage. Although it has been mentioned that the
respiration monitor for measuring the respiration flow
15 rate is employed for detecting the positiocnal change of
the affected part in the accelerator system according to
the instant embcdiment, the invention is never
restricted to the use of such respiration monitor. Any
appropriate device capable of directly measuring the
20 positional change of the affected part such as e.g. a
distortion sensor, an image analyzer for analyzing an
image of the affected part taken by a camera or the like
can equally be made use of. Further, although it has
been presumed in the foregoing that the affected part is
25 located in the vicinity of the lung of the patient, it
goes without saying that the system according to the

bPresent invention is effective even for the case where

the affected part is located at a position remote from




respiration nonitor for measuring the respiration flow 15 rate is enpl oyed
for detecting the positional change of the affected part in the accel erator
system according to the instant enbodi nment, the invention is never
restricted to the use of such respiration nonitor. Any &ppxctober 2063 devi ce
capabl e of directly neasuring the 20 pogdtional change of the affected part
such as e.g. a distortion sensor, an inmage anal yzer for analyzing an inmage

of . Further 51 TRataR t REecBRE BT EE it S e GrBGHG T hat the
aff ect ed padisppadombQeat edni Brbhe cULel Niky Aol Wid G, the patient. it
goes without saying that the systemacéording to the preésent invention is

effective eypnchosttbg vass wbgeRdchhe aff eglke 1% lgeated at a
position renote from 10 Cct ober 2083 - 18- ?ﬁ% #&%@rgﬁ |ﬁ§ﬁsceptible to

posi ti onal réepygeaoiondispl @@ﬁﬁ?gt bel Bpkhal, cage ith§ LUl Qfd he

synchrotron 7 in dependence on the flowrate of respiration can sinply be
spared, Sandt¢ tcasrgubtt cteat bbahoegarEy oyt atbhe 1keamigireatiqon, accel eration
and ejection periodically in a predeterm ned sequence. In the accelerator
syst em accorR¢igl e pheidstahl yemhodi perticot rivi@eidnweruiedie .t he i on source
1, the RFQlinac 2, the DT linac 3, the selector electro- 10 magnet 4 and
t he power supply circiRtshgaaccelerggoar ayditsposedowdtinign ta phe- accel er at or
chanmber 101, while the R producing unit 6 is housed within an R producing
instant embodiment of the invention, the ion source 1,
the RFQ linac 2, the DT linac 3, the selector electro-
10 magnet 4 and the power supply circuits 5a, ..., 3d are
dispcsed within a pre-accelerator chamber 101, while the
RI prqducing unit 6 is housed within an RI producing
chamber 102. Further, the synchrotron 7 is accommodated
within a synchrotron chamber 103 with the irradiation
15 system 8 being disposed within an irradiation chamber
104. The pre-accelerator chamber 101, the RI producing
chamber 102, the synchrotron chamber 103 and the
irradiation chamber 104 are mutually radiation-shielded
by shielding walls. Further, shielding shutters (not
20 shown) are installed in the beam'passage {vacuum duct)
at positions between the selector electromagnet 4 and
the RI preducing unit 6 and between the selector
electromagnet 4 and the synchrotron 7, respectively. By
closing the shielding shutters, the beam (radiation
25 lays) can be shielded. Thus, when a person has to enter

the synchrotron chamber 103 for maintenance and inspec~-

tion of the synchrotron 7, the beam can be so deflected

as to be introduced into the RI producing unit 6 by




chanber 102. Further, the synchrotron 7 is acconmpdated wthin a
synchrotron chanber 103 with the irradiation 15 system 8 bei ng di sposed
within an irradiation chanber 104. The pre-accel erator chanber 101, the R
produci ng chanber 102, the synchrotron chanber 103 and t1hectotigr@doati on
chanber 104 are nutually radiation-shielded by shielding walls. Further,
shi el ding shutters (not 20 shown) are ih%talled in the beam passage (vacuum
duct) at positions between the selector electromagnet 4 and the R
produci ng URFEN® @ARd-Bet RedRCLhE sdlestiromageledctd omegreette and t he
synchrotron_ 7, spectively. By «closing the shielding shutters, the beam
(radiation %%l?ggéggcﬁﬁu5ée§hﬂéPH@&?dTPﬁ§Fe@Weﬁh§ gerlssitdmas to enter the

synchrotron gha er 103 fgr ngin enance and i nspec- tion of the synchrotron
7. the beanTtah-be™e8"GEf FeBPEdtEs S¥HhE txtroduded Glfised HeRI pr oduci ng

it 6 by 1 3_-19- t | ect | ect t 4 whi
the shiol TG SRETE of "1 EFBBACBED o b THE e H0gC EOFE LRt GHaghet 4 and
th h | Lel di th hr ot h r 103
compl ot ol y Tror St Rs P aararr ono) et ShBnRe TEREY Bar G tn it A out i s

or her worksrvhén ﬁ@%ESYWiEHtﬁgfeggherOhagﬂe %%ESEh%an iQ%gp%@ﬁe/inspection

of the RI producing unit 6, amis directed’into the syn fotron 7 by

i Sposed betumen (he cel et or oTacEronbonst B ooy thg A ptsdiding unit 6
is closed tioedmerebyi sécetd tHeoRthe synchrotron 7 by means of the
selector electromagnet 4 while the shielding shutter
10 disposed between the selector electromagnet 4 and the RI
producing unit é is closed to thereby shield the RI
producing chamber 102 ccompletely from the radiation
lays. Incidentally, when maintenance for the RI
producing unit 6 is being carried out and when the beam
15 need not be injected into the synchrotron 7 (with the
beam being accelerated within the synchrotron 7 or being
ejected therefrom), excitation of the selector electro-
magnet 4 may be interrupted to allow the beam to be
discarded in a beam dump 10 or alternatively beam
20 generation by the ion source 1 may be stopped.

In the accelerator system according to the
preferred embodiment of the present invention described
above, the selector electromagnet 4 is provided at a
stage succeeding to the DT linac 3 so that the beam can

25 Dbe injected into the synchrotron 7 by means of the
selector electromagnet 4 when the beam is demanded by
the synchrotron 7 while the beam is fed to the RI

producing unit 6 by the selector electromagnet 4 when no



produci ng chanber 102 conpletely fromthe radiation lays. Incidentally,
when mai ntenance for the RI producing unit 6 is being carried out and when
t he beam 15 need not be injected into the synchrotron 7 (with the beam
bei ng accelerated within the synchrotron 7 or being ejectedctdoer200dn),
excitation of the selector electro- nmagnet 4 may be interrupted to allow the
beamto be discarded in a beam dunp 10 o#%al ternatively beam 20 generation
by the ion source 1 nay be stopped. In the accel erator systemaccording to
the preferr @§2BrB&dirment feid tife tireeseymchimmmnts oh. deBervbegue abeve, the

sel ect or elegkton%gnet 4 is provided at a stage succeeding to the DT linac
3 so that th&'BEaMEERIZEEE (i fhectRarn [fengrrt &y fenhrivhe oio? Hyuneans of the
sel ector ele opagnet, .4 _when the beamis demanded by the synchrotron 7
while the be%rgnﬁi ggf élgltl&zteﬁle RNSTEGIC AN FRntinusishe kel boe oRI

el ect romagne n t ober 2003 -20- beamis required in the
synchrot ron ?égyggﬁ?tgg%gf%bfﬁi DS PANGERIHECT he BEMERhetRR ed by the ion

Ini 6 or L he SyReRrGTFon T e S BB YuTH IR (e A1 or e ol ency

unit 6 or the synchrotron wher eb

of beam can s{;gpkfks n d, eat .advant.age.. I n
Lopef kfnRhcehy Be @Nhance adtv%ntachagre %O\Lh%retlg‘ﬂ‘ﬂl%hﬁe

particular, ow ng to such arrangéenent that i‘on (
pre-accelerabmin@rEOShabﬁdak@aﬁggmgﬁttanin&E{q%ﬁp%Od@Eéﬂ%(Hﬂgggb t he beam
i C e Be

intermttently and the RI 10 producing unit requires am
consecuti velyrenaccelerator are shared in use by the synchrotron
which demands the beam intermittently and the RI

10  producing unit which requires the beam consecutively in
the system according to the embodiment of the invention
described 'above, the utilization efficiency of the beam
can be enhanced remarkably. Besides, in view of the
fact that the RI producing unit demands the beam of a

15 large current at low energy while the high-energy beam
of a small current is required for the medical treatment
of cancer, it is safe to say that the combination of the
RI producing unit and the synchrotron for the medical
treatment of cancer or the like is an optimal one.

20 Furthermore, because the ion source 1, the RFQ
linac 2 and the DT linac 3 are made use of as being
shared between the RI producing unit 6 and the
synchrotron 7, the apparatus as a whole can be
implemented in a small size at low manufacturing cost

25 when compared with the arrangement in which the ion

source 1, the RFQ linac 2 and the DT linac 3 are

provided separately for the RI producing unit 6 and the

synchrotron 7, respectively.




t he system according to the enbodi rent of the invention described above,
the utilization efficiency of the beam can be enhanced remarkably. Besi des,
in view of the fact that the R producing unit demands the beam of a 15

| arge current at | ow energy while the high-energy beam o0 OxtahenPD0Zurrent
is required for the nedical treatnment' _of cancer, it is safe to say that
the conbination of the RI producing Wit~ and t he synchrotron for the

medi cal treatnent of éﬁgﬁer gr the like is an optiml one. 20 Furthernore,
because the ion source tP°HHE RB® frirggeiRdasesard My dn nisx Bireetathde use

of as bein S e ween the R prodycing unit 6 and the synchrotron 7,
t he appara?ﬂ% ggéagﬂggigrégﬁrbéysFﬁ%IH Frednicd udesmdihe f%ze at | ow

manuf act uri 5. when red with the arrangenent in which the ion
source 1, t%%@%{ﬁigngﬁﬁg 3%@?%8 WHF%HQ%@HM &t phRRidedPeseparatel y for

the Rl producd&gsthbd 6handyihe rotran 7, respectively. 10 Cctober
2003 -21- Al though the forea%?naegéggpﬁgtpgnt%§ EFECTEd e A cel er at or

syst em Bhi cdar r@@m@m%tbgng&l appigggg'&g&elﬂgi t,and a&r}%nﬁépn% rtgtor aﬁ__, it should

be understood that the teachings of t resent I NVenti on h&qually

find appl i cat¢aletor SHichy 8t éangRERNh0f rbRep r3a6e) Ak 13¥Rlgm that neutron
produci ng equi pnent designed for use for treatnent “of ‘cancer w th neutrons

gener at ed biediogrbad diog wsé afget tvehbmanti 6F BaaRers wie®Mhined st h the
synchrotron
generated by bombarding a target with an ion beam is
combined with the synchrotron.
10 Further, by adopting such arrangement that the
DT linac is disposed between the selector electromagnet
4 and the RI producing unit 6 so that the beam can
further be accelerated, the species or types of the
producible radioisotopes can be increased while the time
15 taken for production of radicisotopes can be reduced.

As will now be appreciated from the foregoing,
in the accelerator system according to the present
invention, the icn beam generated in the ion source can
constantly be utilized by the RI producing unit or the

20 synchrotron by virtue of such arrangement that the ion
beam is injected into the synchrotron when it is
demanded while otherwise the ion beam is supplied to the
RI producing unit, whereby the beam utilization
efficiency can be improved and enhanced significantly.

25 Additicnally, the accelerator system according
to the present invention can be miniaturized and
implemented inexpensively when compared with the system

in which the ion sources and the pre-accelerators are




10 Further, by adopting such arrangenent that the DT linac is disposed
bet ween the selector electronmagnet 4 and the Rl producing unit 6 so that
the beam can further be accel erated, the species or types of the
produci bl e radi oi sot opes can be increased while the tinme 150twken200d
production of radi oi sotopes can be redug d. As will now be appreciated from
the foregoing, 1in the accelerator systémaccording to the present
i nvention, t I e enerated in the_ion source can constantly be
utilized byéﬁ%yéggé;%§%ék?@ﬁﬁ¥igoﬁrtFﬁeR§0P§9ﬁéﬁ#69réﬁibyamﬁrthe of such
arrangemnent g;thggg%éﬁylr%E?ggﬁf éfkfcted into the synchrotron when it is

t T on be

demanded whil'e ot herw se amis supplied to the Rl producing unit,

wher eby the beamutili [ LCj L mproved and enhanced
Si'ani 1 cantly. 25 Addi e ohalTy 1 he sk 47, BFrigRthnetortifng  To the
resent i nveiddnicaimen i o ad i | i ; i nexpensi vel y when
Eonpared mﬁ?ﬂithe system in mh?%ﬁgfﬁzﬁ?gﬁ %gﬁtggzﬂgﬁgttﬁg 358-3§8¥%erators
are 10 CBt ohmchi2iGfie2- D oM desk 5eparat €b Yk oninkibesRhoAr 9fYEi Ng unit and
the synchrotron, respectively. Many nodifications and variations of the
present i nventihdm artee posgidlEf ithd heppeghéd oflihesabere jpvhgehRpques. It
is therefore to be understood that within the scope of the appended cl ai ns,
the inventi Y gy Fye qiriantd cethetwiesa sleatt han ssespecchital |y descri bed.

described.



23 10 Cctober 2003 What is clainmed is: 1. An accelerator system conprising:
an ion source positioned in a pre-accel erator chanber shielding radiation
for generating an ion beam pre-accelerator positioned in said

pre-accel erator chanber for accel erapgng the i on beam gedecadbed2093 said
ion source; a radioisotope producing unit positioned in a radioisotope
chanber shielding the radiation for irradiating a target with the ion beam
accel er at'8trthyis salafime@-kecel erator to produce a diagnosite radioi sotope

a synchrotron siddoned i o, yhghr ot g Q@@?@r shi el ding the radiation,
into mhiS% théﬂ?on(%ean1 accg?%rateﬂ %iﬁggf pre-accelerator is injected and
from whi ch thean ohoheasurseepesiedonttiein acgeleerratedmradind ahsakest or

el ectromagnet Hgﬁ%g Iroduqéngﬁthe ton beam accel erated by said

pre- accel er at of DY T ETTHRY TR AR o Bt Bpel BF o%%%lflhg unit or said
synchrotron; mrdiisdesdi£t s NG et i@edosit | aed | prefddadldeasr passage
communi cating between said selector _electromagnet and sai d radi oi sotope
produci ng uni tehamkegk od@rserel fERshud t &heposPRi HiFed | geBeEREBAd P¥heam
passage communicalifg, betyeen. sai d selector electromagnet and said

synchrotron; and an irradiation system positioned in an irradiation chanber
shi el di ng t he a adratliionsbeppkr r gut@duaigngan unit positioned in a

radiocisotope chamber shielding the radiation for
irradiating a target with the ion beam accelerated by
said pre-accelerator to produce a diagnosite
radioisotope;

a synchrotron positioned in a synchrotron chamber
shielding the radiation, into which the ion beam
accelerated by said pre-accelerator is injected and
from which the ion beam is ejected after
acceleration; and

a selector electromagnet for introducing the ion beam
accelerated by said pre-accelerator means into either
said radioisotope producing unit or said synchrotron;
a first shielding shutter positioned in a first beam
passage communicating between said selector
electromagnet and said radicisotope producing unit;

a second shielding shutter positioned in a second
beam passage c¢ommunicating between said selector
electromagnet and said synchrotron; and

an irradiation system positioned in an irradiation
chamber shielding the radiation for irradiating an
affected part of a cancer patient with the ion beam

ejected from the synchrotron.

2. An accelerator system according to claim 1, further

comprising:




affected part of a cancer patient with the ion beam ejected fromthe
synchrotron. 2. An accel erator system according to claim1, further
conprising: 24 10 Qctober 2003 irradiating neans for irradiating a concerned
part wth the beamejected from saidagynchrotron; and po$doser200hange
detecting neans for measuring change of position of said concerned part;
wherein said selector electromagnet is so designed as to inject ion beam
into said synchfetdbiting deseridefies ol faiatelid t aof cARasHRefeRaer f or ned

by said positjonalygh &%ﬁ%@gg@@aié-sft‘?cﬁf&@i@ﬁ??é’ﬁdsys'[em

according to claim1, erei tor el ectromagnet is | am nated
el ectronagnet momsticonakd bhahge natdtegtang urmddany dbrst esdaplmires. 4. An
accel erator system accprding to cl wher ein (ﬁai d_sel ector el ectromagnet

im?2
is lanminated ETET oiagnet b%‘%t??u?%hdbﬁoﬁ‘%?ﬂ% iRy 2 plurality of steel

pl at es. wherein said selector electromagnet is so designed as
to inject ion beam into said synchrotron in
dependence on the result of measurement performed by

said positional change measuring means.

3. An accelerator system according to claim 1,
wherein said selector electromagnet i1s laminated
electromagnet constituted by laminating a plurality

of steel plates.

4, An accelerator system according to claim 2,
wherein said selector electromagnet 1is laminated

electromagnet constituted by laminating a plurality

of steel plates.




