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HIMAC PROJECT AT hlRS-JAPAN 
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M. Endo, T. Kanai, T. Kohno, M. Sudou, S. Minohara, A. Kitagawa, F. Soga*, S. Watanabe*, 

E. Takada**, K. Endo’**, M. Kumada**“, and T. Matsumoto**‘” 
National Institute of Radiological Sciences 

4-9-1, Anagawa, Chiba-shi, 260, Japan 

A heavy ion s.yirl::lirotror coupleh for medical use is 
being constructed at Chiba, Japan. General feature and 
present status of this project are described. 

introduction -__-__- .--.. 

An original idea of the HIMAC (Heavy Ion Medical 
Accelerator in IZhiba! Project aas proposed at the High 
LET Radiotherapy Uivision in the US-Japan Cooperative 
Cancer Research Program in 1979 at Kyoto, Japan. I I1 

1983, the Japanese government decided to promote the 10 
year strategi’ for cancer initiative. The HIMAC Projec? 
has also beer1 proceeding along it, towards the end 
of the progrtlm. It was approved in 1967 and is cxpectrd 
to complete :ind to start, the first clinical trial in 
1993. 

‘The surbpriority of hca*<u IOII therapy has been 
deo,)llstratrd through radiological experiments and clini- 
c:ai trials at l.awre~ice Rerheley Laboratory so far. 
R a s r d 0 II 1 he i i results of heavy ion therapy and of 
neutron and Ilroton therapies at N!RS, the HIMAC project 
has bren prolmosed in years. 

I II the Irroposi*d fat j 1 i tb. LIIC m~i.*iaum output energ! 
s7(iuM br: 8Ol)EreV ii for si I it oil i?)ils in order to real izo 
ij residual rargt of 3ilcm In human body. Such a high 
r:ne~‘g,v ibeam is a Iso effective to produce radioactive 
bran of hgl qua1 ity for diagnosis and/or treatment. 
The area of beam irradiation ausl be enlarged to cover 
/I!) nl” k-e ,l?il I, s I k \I /I(’ I e area t 0 be t r c a t t’ d The maic imun 
diameter ~0if tht: irradiation 1’ield is chosen at 22~s. 
Bean irrte:Isi:4 should br sufficient to give a dose of 
5 I; y i n t c, t t) < i r r a 11 i a 1 i c 1.1 f i c I d )) i t h i r a n a I t o H t: d t : me 
durati~~n i) several to a i’e\\ iI:ns of seconds. For 
therapeut il. rjljrpose, vertical beam is indispensable 
r t: ii I! i r i’ m p 11 1 ‘I I1 e ma i II p i! r am <’ t I’ r s 0 f t II c a c c e 1 v r :i t fi r 
complex ar(: listc~d in Table I. 
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lnPUt!oUlPUt energy 

Total lensth 
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Aware field 
Shunt iwedance 
Surface field 
Peak rf power 
Focusinc sewence 
GutPui energy 
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Focusing smwrm 
Eetatron tunes (H/VI 
No. of dipole wnet 
01pole field 
No. of Q ma~iiets 
Quadiupole field 
Long strniaht sect. 
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150 kV/cn (I.3 Kilpatric j 
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FODO (6.8 kCicu Hex.1 
100 - 800 McYiu (w’A = i/2, 
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.u m eiic,,: 
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ib.U Ib eecll! 
l/2 Hz 
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I.0 - 7.9 Mllz (hermonlc 4) 
II kV mnh st I Mllz 
30 kW peak at G Mlli 
.g-?;fi L CC.3 mm thichj 

I x 10-y tcrr Sputter ion wrnos 
Ti getter ~JUPPS 
Turbo nolecula~ PUWS 

EXtrlKtiCr TYW Fas1 P SIOR (l/3 resooailce) 
svstea Lewth oi wi I I UP to 400 IS (SIOY: 

Ion Source 

Two typos 3f ion sources are prepared for the in- 
jector system: a PIG and an ECR sources. The PIG source 
is used nairllr for 1 ishter ions, whereas the ECR source 
is expected to improve heavier ion capabilities of 
HIMAC. The inn source system is to cover at least from 
He to Ar. The injection energy to the Iinac is IlkeVlu, 
and js realized by putting the sources on the high volt- 
age platforms of maximum 6OkV. 

The PIG source is of a hot cathode type. The pulse 
operation of the system is expected to be effective for 
increasing both intensity and lifetime. The prelininary 
results sho\r ttl:.tt the extracted beam intensities exceed 
the required values except for Si. 

The plasma chamber of the ECR sourc is fed with a 
microwave source of IOGHz, 2.5kW. Two solenoids with 
return yokes generate axial magnetic field, whereas 
radial srrtupolc fietd is produced with NdFc permanent 
magnet instaled outside the Valium chauber. 

Injector Linac 

T lit’ inJrctor system is compused of an RFP and an 
A I vI)rci: i inacs, as shown in Fig. 1. The output energies 
of the linilcs are 0.8 and 6YeViu. respectively. The in- 
(j I’ t: t 0 1’ is d(Lsigned to accelerate heavy ions with a 
charge to mass ratio of higher than l/7. The max iflus 
repcti tier I’:I:~ an<! duty factor are 3Hz and 0.3%, 
rusl~cct IYCIV. 

The structure of the RF? linac is of four vane type 
wit11 si~tglt- 10011 rt icoupler. The total length of the 
vanes and tttc’ c:.ivi!s diameter are about 7 and 0.611, 
respect ivelu. The entire cavity including the vanes 
theinselvcs 1s I:ivlded into four sections. The peak rf 
l’owe’3‘ of -300 kl. IOOMHz is fed to the cavity through 
the siligle loop coupler. The maximum surface field on 
t tie v it n e t 0 p i s -2OOkV/col (I.8 Kilpatrick). 

Fip.l. Layout of injector Iinnc system including ion sources. 

The operation frequency of the Alvarez linac is 
1OOMHz as same as of the RFQ linac. A pulsed quadrupole 
magnet is equipped in every second drift tube, and a 
FODO type focusing sequence of quadrupole lenses is 
adopted. A transverse acceptance is 2.8~ am*arad 
(normalized) with the highest field gradient of GkG/cl 
and large enough to accept the output beam of 0.8~ 
mm.mrad (normalized) from the RFQ. The peak rf power is 
estimated to be about 3.OMH in total. A diameter and a 
length of the 1 inac car ity are about 2 and 241, respec- 
tively. The cavity is separated into three sections and 

Guest scientists: r from INS, Univ. Tokyo, ** Fat. Sci. 
Univ. Tokyo, *XX KEK, XX** Dokkyou Univ. Med. School 



281 

rf power of about 1YW is fed to each of them through a 
loop coupler. ‘The average axial f ieids of the sections 
are 1.8, 2.2 and 2.2MV/m, respectively. Following the 
Atvarez linacs, an equipment of charge exchange nith a 
10@ug/cm2 thick carbon foil is installed. Manufactur- 
ing of all parts of the injector system including the 
ion sources is proceeding as in the F1e.2, which shows 
the third section of the Alvarez. 

Fig.2. Inside view of the third section of Alverez linac, 
seen 2rcu low-energy side. 

s,v n c il I’ I) t 1’ 0 II 

Thr s$rlX:hrntror ronststs of two rings, which are 
installed in the upper and lower flours and are operated 
independenti, of each other except the alternate injec- 
tion and excitation. The output energy of each ring 
must be variable in a wide range from 100 to dOOMeV!u. 
The t&o ring structure of the s&nchrotron is expected to 
make the operation mode much more flexible. The 
srnchrotrun can provide horizontal and vertical beams 
simultaneousI) at different energies fol, the two beam 
treatment or fur two different treatments. In the fu- 
ture extension, two stage acceleration of the heavier 
:ons wi I I be possible. It ii111 be <i!so feasible that 
one of the rings is used as a storage ring. aiming at 
the treatment and diagnosis \lith radioactive beams 
ardinr a s:ngle shc#t beam. 

+y 

iFiu.3. 

The labout of the upper ring is shown in Fig.3. 
The rings are of a separated function type with a stand- 
ard FODO focusing sequence. An average diameter of the 
rings is about 4101. The maximum magnetic rigidity is 
9.75Tm. The bending magnets are of sector type and have 
the maximum field of 1.5T. The quadrupole magnets have 
the maximum field gradient of 7.4T/m. The closed orbit 
distortion and the chromaticity are dynamically cor- 
rected nith a set of steering magnets and with a set of 

sextupole magnets, respectively. A muttiturn beau in- 
jection scheme is adoptea to increase the beam current 
by ten times. The horizontal and vertical acceptances 
of the rings are 307~ and 3~ mn*nrad in normalized 
values, respectively. 

Two kinds of extraction modes, fast and slow ex- 
tract 1011, are prepared for the upper ring, while only 
slow one for the lower ring. The extraction septum mag- 
nets for both modes are installed in the same long 
ii t r ii i F’ :I t. s r c 1 i 9 u i r t h e !I n i) e r r i n g The slowly ex- 
lrw:ti~ti /i~~iiin 15 <tiri*‘tr‘li lo thta outsid\: cf the rings. 
W/li’i~ii~l!7 t llij 0.1 I Yl:Jl :>c~Ltm is tii t1 at ti-il to I hi” lli.sld~. T Ii c 
s I o P P h t I’ .I I- t i o ‘1 s c h em e u s t: s ii t lh i I’ d or d (: :’ r e son a n c e . 
Beam sr’i !I time is TC be longer that 400~s at GOOMeViu. 

For each of two rings, a current source for the 
bending magnets of the maximum current of 2100A IS com- 
posed of four sets of high power thyristor rectifier 
blocks working in 24 phases followed by a fitter cir-. 
cuit. Two 24-phase thyristor current sources of the 
maximum current of 1600A are prepared for focusing and 
defocusing quadrupole magnets. The reactive power is 
dynamically compensated by i2-pulse thyristor controlled 
reactor ITOR) equipp’ed yarallcl xith a set of 
capac i turs. These sources and TCH are controlled djgj- 
tally by a computer. A feed-forward loop by the use of 
t!~e compute:’ will realize rrecisr tracking of tht, cur-. 
rent pattern. The repetition rate of pulse operation of 
them is b,erir:d in a range of 0.3 I .5Hz dependlng on ex- 
traction cnerg,es of the tbo riltgs. In a proposed cur 
Irent waveform, at n. siiz. a rising time and flat top time 
a I’ !S (I . 7 alid L.55, rcspectivel>. The ma~:imua value of 
thy:: time derivative of the bending field is about 2T/s. 

Fig.4. Rf acceleration cavity with B pair of A/4 resonators. 
Upper and side c~vors are removed. 

The rf acceleration system has to hare a wide 
frecluencr range from 1.0 to i’.8MHz, where a harmonic 
number of 1 is chosen. The cavity, installed in each 
ring, consists of a pair of ferrite loaded Jt /4 
resonators as shown in Fig.4 and generates an accelera- 
tion voltage of IlkV. The cavity is powered by a single 
tetrodr of the final rf power amplifier. 

Fig.5. One section of vacuum chamber installed inside the bending 
magnets, made of 0.3em thick SUS-3161 reinforced by ribs. 

The maximum rf output power is 30kW. The system is 
operated with feed-back loops in order to lock the rf 
frequency in the circulating beam bunches and to posi- 
tion the beam correctly, respectively. 
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An average vacuum pressu~‘e of an order of 10Mg 
Torr is necessary to accelerate fully stripped ions with 
a negligible amount of beam loss. A combination of 

sputter i 0 n PUrnPS, titanium getter pumps and turbo- 
molecular putlps is chosen to realize such a pressure. 
All the vac~m chambers of the rings are bakable UC to 
200’(‘. The Ichambers installed inside the bending mag- 
nets are made of SUS-3161 of 0.3mm thick reinforced by 
ribs to supp“ess the unwanted effects of eddy currect 
due to barying magnetic field, as shown in Fig.5. 

Beam Del ivcet,v.System 

The total layout ot’ the beam delivery system is 
shoqn ili Fig.6. The system consists of the vertical 
beam line which guides the beams up to GOOMeV/u from the 
upper synchrotron ring and the horizontal beam line 
which guide:; the beams up to ROOMeViu from the lowe! 
one. A junction bean line is prepared to guide the 
horizontal beams into the vertical beam line. Two ver- 
t ical treatm,:nt courses one of which reaches to the same 
isocenter of one of the horizontal one and biological 
irradistion course are prepared in the vertical beam 
I ine. The horizontal beam I ine has two horizontal 
treatment c~~urses and two experimental rooms, one fob 
physics and general, and another for secondary beam ex- 
per iments. To get an efficient usage of treatment 
courses, it is necessary to shitch beams rapidly from 
one course to the other irithin 5 minutes, beeping the 
rcp~,oducibi I ity of this Ibeam p:)sit icill ~t.hirl +Z.fimm at 
the isorrntcai 
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cf 
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Fia.6. Total layout uf hurizontai snd vertical beem dellvery system. 

Concerning the secondary beam courses for the 
development of diagnostic and therapeutic applications 
of radioactive beams, the mome:ltum spread of ions is ex- 
pected to bt +O.2% rith analyzing magnets and a wedge 
degrader. Tte ver’t ical beam line is ulso usable for the 
therapeutic applications of radioactive beaus. The 
produced radioactive beams are transported to a vertical 
treatmerlt course, and the precise stopping point of the 
beams in a patient’s body is measured. and then, the 
treatment is carried out by stable ion beams having the 
same range as the radioactive beams. 

Treatment devices 

The medical requirement on the beam has a con- 
siderably unique feature, such as a broad and uniform 
beam, and specially modulated Lange distribution. To 
meet the required specifications. each treatment course 
comprises a scatterer, a pair of scanning magnets, a 
range shifter, a ridge filter, a multileaf collimate! 
and several beam monitoring devices, as sholvn in Fig.7. 

In case of henby ion treatment, it is very impor 
tant to set up n patlent with regard tc the delivered 
beam centeq and beam shape. The patient positioning 
system cor<sists of a laser pointet,, a digital X-ray TV, 
an X-ray CT, a treatment couch, a compessatcr ho!der and 

Fig.7. 
Typical set of treatment 
devices. in tire vertical 
beam course. 

patient immobilization aids. The treatment couch is 
automatically controlled by the patient positioning coa- 
puter linked to image verification devices. 

The treatment planning is supported by a computer 
which has a compatible softrare with the patient’s posi- 
tion image data. The main activity of the treatrent 
planning system is the simulation of iso-effect dose 
distriblltior I’or Jhea~y ion treatment, which takes into 
account irthomc~geneous clc‘ctron derisi ty and biological 
response factors in the body. 

These treatment facilities are necessary to leet 
the specification of three dimensionally conformed (30) 
irradiation, in order to prove that heavy ion therapy 
could be mal,kedl, better than the best use of other 
radiation therapies. 

Building 

The height of the building of HIMAC facility 
reaches to about 30m because of the necessity of verti- 
cal beam. Considering such a height and radiation 
shielding, more than half of the building is constructed 
under the ground level. 

Fig.8. l/l00 scaled model of the total facility 
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