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ARSTRACT 

It ib genemliy apted that. among the different kinds of radiation\ 
u\ahlc for r,~dlo thcmpy. high energy proton txnm~ exhibit the best 
ballistic qxxif’i:ity. Hobvever. the developrncut of protou therap> 
hat bcc’~~ hiixkrt~~ hy the hi7c. ~‘ost and coinl~lcsit~~ ot‘ tiiftt erierg~ 
:~~~.~~~lrrar~~~. !$‘c have thcrct~ore tried to dcsiprt rtoi rjnly an 

;Ic~.cIsrator, but ;1 conipktc p:‘oton tlicrapy faciiity where the s17c, 

the invcsirncnt. the complc~;t~ mtl the cost of oper;~ticm ~~~wld Ix . 
rnirumired. 

IsL;r ;L ~.llnic;~l tht3 qy unit. rclikihility is of pux~~0unt iniport;ince. 
;.nii \k L’ hci~evc tix~t the sirn:,liiit> 2nd 5turdincsi of tk &sip i5 the 
kc\ 10 rell;lhiljt! ‘l’hk is G by \ize Wlcc‘lrtl il non-~tll)er~“ii’iui:tiilg 
~\(;~II~~JI~ou~ cy~lcwiv~ ah acvelsrrjtor. ‘l‘lic rnagnrt is ii high t’irld 
( i 00 ‘l’t~l;, IX;A tlt‘ld. 2 ih5 -rcki,i ~LCI,I~C CL-Id ilt estraitiwi 1 

(Jqt \‘illlr)’ dcciyrl, using 190 k.W in amvcntional COllS. l‘h? 

i.i)lllj)lctc c!i,ll-tlo~ 15 ipllt in ::LII 13.11 t’r ,I, tht. mdi;~il plmc ‘l.tlc 
upper hulf can hc cluic,kl\, r;i~ssd hv one Inetc:T, using hytlrzuiiz 

1 1 - 

I<ii.A\. ~Ill~~~Vill~ :ji’ unr.c~tric~tc.tl ;ii‘i’i’~i 11) all <.yc~lotri,n eletnctll~ 

‘I til\ tlcslcn ft.;it,tr-c. conihrrii~d :~lth 3 rsl:id pun111 A\Yntinlc (311 
inin ) ,hould cc9ntri’lutc to nxrint;lin doir ntlnw ol tile .icc~ler;Ux lo 
\ <‘I !, lOi< \~;llui. 

.l’hc cvili3triln \i~ould then fwd t\vo or three iaxmtnc g:ilttrie\. IHA 
113s dcvelip~d 2 Iti’ih’ ccbnccpt IuKilll, 0 to i~oicntrii‘ gaitricx of 
~ytlr~ccJ sri’c and cokt j I] This IICU paiitq c.lissign allrWs to rc:i:cli 
uillnitc ’ ~ourcc to pntktt dirt8nc.c ” wt!i ;I ~antq not cxcccding 2.5 
111 tot,31 r-urixi:n~l111 radiu\ 

‘I‘hc ilc~x deli\+crj :)a~tcrll ti;i\ tlecn rcb iL*u cd 111 optinliic dose 
,iicur;icj’, unif‘orInit4. and qkxd I.IF dcli\~cr~. In lhr axial Inotion 1 
thv magrlctk sweep 1s xmtrolleti by 2 ciosc Intcgr;itc)r, guaranteelrlg 
;ir, 1lil1fo1111 dos,: irrcspc*cti\?ly c~fr~lini~r intcri\it) flui.tWi~m~. 

I, Basic .spf,cificutiom for II protori firc~rc~pp cycloiror~ 

I. I. I<lltq~ 

‘The eriergj~ rctluircd for a proton thcrap!, cyclot!,on is entircl) 
ticfind bv the cncrg!‘-r,ingc rclrition in tksucr (quite equivalent to 
the unge‘in water‘). The range at 175 McV is approximately 20 
(ill. EL! 200 MC\‘. 27 1‘111 iilld 3t 251) hlc\! the rmgc is 37 cm. If 
p:ibilxc heant fln:te:iing filters are used, some extra rnnge must be 

l>r~>\~irictl t(c nllo\r for the encrpy l~ssc> in the filters Ho\vcvcr. in 
this case WC intend to ux henrri ~cmni11g and such filtrrh ;UY not 
needed. Therefore, we feel that a maxinxun energy of 130 MrV, 
1 ielding :L rungr 0C 32 cm is sufficien!. 

1.2. Intensities 

Intensities I~CX~~CI for 3 proton therapy facility h:i\,e ~WII ~~SLYIWA 

by Goitein [ 21 131, ‘1‘0 deliver thr dmcs nwtled 111 orlc: frnstwrl 

i from 14 (iv for ~‘horoid;~! h1eiarinni.1~ to I .8 C)y for f’clvx tultlors 

o!- llotJ@m’s flis<irxi in one u1inutc 0: lejc, llsinp .L W;inWd IW;it!l 

t~i.jlili(jll<~, ii[: ci’fcctikc (lost ri\tc it! 5 IO” jmvotl\/ilnI.1 or 13.5 WI 

IS 11crdrd 

A.ilovr ing for li~.kss iri the tw,un dcli\,cr> 51 bJcfu (c:lci-py 5elrctiim 1 
the extractcl healn intensity should csceed 30 n.4, w’ith the intenm~ 

t,canl intcn9t> bring ;Ir-ound 50 nA. 

I)cli\cring this kind of Intrnslti’ 3 ith :in ikochrc~nolis cycl<Ut-cW I\. 
of i‘our~~ :L *rivi;ll prohlcnl 1~~~1.luxmim5 ~~!~i~l0lrons C:lil \‘er! c:l<il! 
ib;llicve eufr;ii:tctl bc;irn iritcil\il:c\ o! ton\ o!’ ~llli‘ii~;illtjlcI-~‘S i.i 
tltcms:irld time iiicw ttidri r;r4d ‘l‘hc f3i.t that {cc opcr:3W the 
;j;ik:liratix io n~k,k h~~:c,\v bib ni,l~inu1n c.;ip;lL,itics Ii d kc) txCl~0 
in ;ictlicving ;i vcr)’ high lcvcl ot’ rciiat~illr:;. ‘I’hl? is in cllntl.;iclic:ior: 
ik 1111 \ynchmQo*-\ wor1.m~ wrh low vll?ipy lr:jcc‘t,.-v \ n her-t. 5piiC 
uli;irgri lilnitb xc ilililt~ close for the hifhcrt intcnsitic\ nceciril fO1 

:.ldiottlcr;ip~. 
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1.3. Variable verws fixed energ! 

To locate the f%r;rgg peak at the rrquired deprh within the tumor, ii 
is necessary to vafl: the energy of the incident beam accordingly. 
This energy v;ltiilrlon n~tl~ 10 bc very fast, becatlsc rhc RriIgg p~;~k 
is so ~;IIKW th.lt thca imcliation of one field re<]uires several 
succrssive passes with progwsively decreasing energies. 

111 5mleI to optirnirc lhc simpliclly illlil rrli.ihility of thr sysicm. wi 
ha\ e selected the solution of :I very simple accelmtor uwrkirlg 
i~ontinucwily ;.I llre i!lill~Itllllll ulcrgy. i.r. ??O hlzl’. 13c’tivi’~‘rl thr 
xx&rator xui the iwiw~trii wntrv. the enertlv 1s tlerrad~tl to Ih:A 
L 3liic correcpmdirig to thz tl~~cp~‘;l r,ingr fCG thr IYatie:li hrlng 
r~urrentlv uxirli;~t~tl. Thr\ t’:r\! XKI luzt:!,l ~lrtwv redwti~~n 1s d:w- c c ‘, 
in \txll 2 way a\ tf.l rr&ce ilie hcam dcpxhtwn ca~~sed tq th: 

sc~attcr-III? :mtl crr.qqli~i~ of 11x IWI~I. 

7-h~ nicxlulnticm (,f the r;ingc is ~~~~ntr~.~llcd !>j, ;i 92.4.lnd c~lir~ilti~~xl 
rota~lrlg hiort-rr loc’atcil at ttx z4il ni’thc ijcK.ctitric ganlr). 

2. 7’lre “CY~‘LOl$‘E 230 I4 

‘l’hc (.‘YC‘I,ONf3 2%) qi+,tror ]‘[“‘]“‘S“‘1 h) IRA !S ;,!I i,ili~hil~ll,~ll’. 

high t‘:clcl, non-~tif”r~““dli~~i”f c;;~l~~tro~~ c~hlc to ;Icrclrr;it; 

llrL>tons to 7Vl hlc\‘ 

2.1. The magnrt s?strm 

‘I‘k haric qu:st~t~n in dcyignlng the‘ m,lgnrt for ii 23!) hlc~\’ 
~sri;hriui~ws c‘:4clotroil i\ IX hc:lIcr 111 u\i ~~i~~~~~~~~fldii~~i~~~ coil\ 01 
nt~i In both s~~lul~ons thi. iicld lc~\i~l\ ;ir-: r2thc.r Ginilni : ,S.!iO ‘l’~~~l i 
on (Ilf hl!lS. 0 0x5 7 esla it: ~.~llk:,s. 2. Ire l‘.A;t :Ivl’rsgc I‘ii.lil ;I1 
<>xtrdC:ion r-xiius, 1 .74 ‘I’~.rl;i .I~rcrag~a ficlcl ;rr tix ccntrr Stitch l:c~lii 
Ic\~‘cl\ ;:rc ~nc--,Ily dlct;~trct lh! lh: rci~~~rt-nxnl oi ohtainin~ :i;l~qwil;~ 
\~crt~i~dl fociicing withoi;t h.rv:ng to LISV CXI’C\VVC’ \prraling of tlw 
SC’;~~II-\ ‘[‘tic Ilint~n\i~~llx 01 txjlh <i~.iigllt rlrt’ lht.r.t.l‘itr~ r<lltl,:l 
siillll:L!- 

‘l’hr ,Itlvr!iit.l~e~ 01’ 2 ~IIf~C!~trll(ill(.llr3~ \:,\Lrrll MC ihc rcdtii:riw 
ip’s5ihly the cupf~rw~ii~n I o!‘lh2 iroii ;OI the wl.ir-ii rnagnrrii flu\. 
,I r-ecl.x3i,l? of thr ~lri~trlc;ll pj\~~r rciju”rd l)\ the cvcloti4lri i’i 
cqw,iti~:~~ ;1m1. pw:l)l!, .i rA.l~~tici:i i!l ltw Iti:31 in\ i‘\llncnl i’ii\l\ 

()n 111~ jiwd~:,inta~~ sitic oj. <i \~~,)~~.~(,lldlr~lill~ \y\tCrli i\ th? 
ni~chanlcal Ccirn~1lesit~ cut’ ;i 5plit-Coll cryoiirir. :4,ith v~‘1.y’ l:trg-’ 
forctb\ i:i\,i~lvcil. the /pt~knri;~l prohli‘rn\ ;iwi:i;~lctf u itI1 thz liqui4 
tlcllllrll .lq$~ cf1on: a,, ;LII~l~/lcil tl~/illi:l liq”~l’lc1 i’i IliNli i1,ilC. I 
tI-:l‘l \f’cln; md rhr \pt’i-v long rhcim;il lime: t~ni:5:;3r11\ 01‘ which :i 
b;,~kti‘;ii : for ;I l~irgi’ n1;lsj. hlgtil~ th~r~uallj~ insulxtcii cr!o~l,~l, 
n7irn-ul> or x101-tloir n tinwi ;irt’ 111 CYCCSS of oni wwI\. )~:cltiln$ 
~Y~CS’IIV~ (low-tirtw for ;I niciiiCnl (it‘\ i~.i’. ii1 c:tse of lw)hl~~ll 
‘I /ic inill ~hciic~ 01 lhc autht~ I\. tixlcf’orc. Ii1 go ti,r <I cl;~sGCJ. 
non ~tl1)ercoridu~titl~ desirrl. Urinq ttic clwp-valevs COllCCi)l 

pinnrtzi;tl tlv 113.A fGr 11(,11‘sill”r~““‘l”~~i1,~ c$c,ic,UcAs iiilh Li;iB 
(‘I’<‘l,ONE’.30 series, it ii poshihle to de;jgn ;i lug11 field. no11 
supcrctrntiuctiilfi magnet for 3 230 ?le\’ :.v~Imm il\;irig no 1x01~~ 
th<ln 185 kU of clruux;ll ,x,:V<[. u1.C tn:r~i~cr SC(‘~IOIl 11 . 
illu\:ratrd in fig I, and thz m11n paramcicra d‘ lhr rn,1gncl iirC 
dc\crihctl iii i.ii)le I, i\ r:umlwr 101’ stcp$ ilx4,c ber1i I;lhen ii) 
txnirniic t1Ic IILC ;rnJ pt>“cr ~on~um]~t~~~C 01 the iixifwl, Milhotll 
cunqmmismg the opticxl quaIlties of the intrrnal hem). The rn.~plct 

g.11) :II tiir hill I-c.gionr dcL~rt~.t\~\ \‘r ith r.i(liu5, Ii.~ln1 9 (I cm Lit 
the ccntcr 1~1 (i.5 i‘ni at cxI~-;cIIon. following :ui ellip~ii~al law [A/ 
‘I he very smsll n:arnct gap 21 c‘itrxtion i5 designed to providr 2 
i’cr\ \h;.ri) I-;i,.Li;jl i‘iclti fillI-off. ln c~i’tler lo 5ixj)!if’>< tht. txxr1 
cx&ction’ FUI- 0132 jam6 reawu. the sl~apc ot the oLlcI:cdgc 01 th: 
hill\ i> ~~i~li~‘Tl‘~‘~l ;i~ci~rillng 10 the jlii!l)c rlf Ihc \irhit (.li)\c. I0 
i-.ti;ictioli ami I\ ml 2 L.!rciillit’;tli.licf ci*rirc-rid i,n tk c’c’!ltt-r cut ItI, 
m:ichiiic lihc in ottiir i.‘i~cl~won~ 

A:lc)tti<r ni‘w tt.chruc;il l\:atirx 01’ thy C’YC’l.OSfI: .?.;O iy th:it Ih; 
a7ilrluth.4 sh;i;w cri the hills i\ not rectangular. like iii ctthri 
c.1 t~l~woiis. hui tra~xf~~~iil.il. ‘l‘k ~vitlcr lxx 10f thC hills raluccz. ihi 
m;iiinetlc s:llur;llion. This. in :urn. occult\ in an impr\mwl i‘lulter 
,intfin ;i dciremxl pl)\i t’l’ iii th,.- ni,~gn<‘t ixGl>. 

‘1‘0 reduce also 
I-educed to 60 

thr mniwcclils power, the gap in the wllcys W;:S 
cm. This vxlw WBS found to be ;I rr;ison;rble 

comprorni~c hetww the wduction of coil pwr artl :I LYUI\ cnicnt 
dimensioning of the K.17 system in the valley. 

Ilsing ~hcw v;l.ut’s. \4c !;~untl !tl;il ;I gc10d \,i’riii.;rl 1;xuclr:g oI‘:ht 
hwn could he found with ,t hi!” sp;ral angle of tih: st‘ctr):‘j ;I, 
i’strnction. 

‘I’0 fiicilitate fnairlten:iriCc:, llw.0 Cvi~I~ltron ii split in 13.10 txl;r~ ;ir thta 
mcJinn plant. l]Gng Il~tl~;llili~~:i:~~,h\ thcs ~:ppc’r hi+lf can IV ~.]\ti~kl\ 
/ 15’) raiwi by one mew, VI a\ to give :w unrcwictcd .ICCCSS to thr 

~‘!Clo:ron nicdi~in plxw. l:\ing Ihi\ cc~~i\tru;tion the t~~i‘li~m~~~~ \;irl 
hr opened for nxiiritcrlw~~ cl;- rt’f);ilr. cli~xd. ~~u:q~c~l &.M rl ~1181 
rr\~n:xti for opcrLuion in Ic\\ tll:ul I\\‘o bows Thi\ ix LJI~IIC tlifl‘c~x:r:r 
fIon1 currciit \~ll~~i~~~~~~~lu~tllr~ I‘icltiir.<>ii di>i~:n\ whcl-C ;ill iq~cr;llii)~i 
rcquirlng ;tc‘L’C’tr tu thC nW(l3;311 pl;inl’ icilplie? ii nl,tjor (li~nl,illllr~~~ 
dnd ;: Ior\ iIt’ lv.im lilni, 10.. ‘r<h\i’r II ~I,I; ‘I 

RIa~llrt s~~~ltw 

rl.iinkr of sectors 4 
krctl)r allele at tt12 c‘clltcl 3, 
xctllr- ;lnglr ;lr i’*;tI.;icli~~r 5;’ 
hill fwltl .i,O’i ‘I 
i allr! l&Id Cl.(!X.i ‘I 
t.vcrage firsILl at cu[-;icti~x _! 10s ‘I 
~:\‘cr;ljx flCld at L~CIlICI 1 7.30 ‘I’ 

~ll;ipct~i‘ ~nilii~lio~~ ‘i ?&lb ](I’ .-\ t 
Jl!pi:‘elil i‘llrri’I1l ~iimt~ I,, Cd\ 1.G 1 \ “i. I1 1 
;I~.:II;II L’m’cr.t licii~rj II! ~011’ 11-l ~\:‘Lm:~ 
p~“t’“- ,lLY iOIl (I’ ,- hl\’ 
xi i~igtll 14 one i.oi I 13; toll\ 
hc,lgiit c?f the jr<m t 05 Iilll!. 
.Swr,ll .~ri;;lr :ir IilC I‘i’,l,C’, 0 

;I: rxtl-.ii trim :,idiii, (11 

‘I’:1l,lc I 

2.2. ‘l‘tlv R.1.‘. ;icc~lcr:itic)n \jslrrll 

Ill d ;)ICL’IOu~ ]l;ip~‘r j 51. ‘ii t’ tid j)rolx)wtl ;i “ivi.lolri)l. wirho~.[ 
(~cL’\“. I.C. it R.f’. ~\y\t~rn irhcrc ;i j>.~r ;,l’ol)po\ifcs hr:l> \;iw~ld jjl;r\ 
ttli rc~lu oj‘ R.l-. ~L‘~LV~;~II~Z \iluc‘tu!e. Il<~wr\~i~-. \uitl ,I itru~ru,; 

\vould Ic;ttl tt) it >ilh-opfjlllunl dc,\icri f()r thr m;ijrnct ,in~l :I’,,\. 
ttwrclorv, nor 4i’i.t( d in i/iC ~‘w\~nr ilc~~r-i 

ln\lc’;i~l, 1%~ I~ICS~‘II~ ;: iwrx ~.li101<~;1l R.f \\:ii’r~i II :k,filiil r5\‘,1 
ikrs are I~l~~:lirJ in two opp(lsile v~ille~s. ‘I‘hcl\c dec.5 rewn;1te O:I 
thl: fcui-th harmi~nic 01 lhc- ions (11 birzl Lq~~crl~~. i.c. 25.527 $11 Ii 
9 ,1 -- l(12.1 1 hllii ‘l‘hi~ frrqwn~y !‘:it!\ 111 the I;.hl tvtwli.;iqirii2 
IIt’qwnc~ range. It i\ 1liCleforc l)o\\ihLt~ to t'i~id Incy/lcnxi\ 8: 
ii;wl;ird hr-cxitic;ixliiip tr-;insni.ltcrx Incctirl< thr rt~(fliii-[~lli~..llt\ 111 the 
i) \lC’ill 

111 t/w fwi’wrl: tl:s,i~rrl. <.J(.+ rig,,% i\ \ufll~~irf~:il t7\ lolii’i~t~~~~i.,il j)illcir\ 
Ick~a1c.d iynlrtl~trlt~rll~ at)c)\r alid trclw ilit. iiledial plcmt’. ‘I hl\ 
tlr5lgr ~qxlrnrxC~ the imqiliL2t~, i/ii. riri’~l~~~r~i~~il st:it-iIll;\, ,:!‘It:c‘ tl~i~, 
ait! the, cc)ol~ng Iii 3dtlitlorl. :i c.iiwlill iq~t~lnir:itli3,i~ r>f :hc’ ~I:~IIWLCI 
;:ll(i i(.Il~ttl x-4 c;ll‘il ]lal~ 01 trf~pchctl I:ill:ir\ .illi~\.\ 3 10 \b,lp llic 
,~rnpliludt: ~!ftltsc 5 oltagc \, i‘i’\iik ratl.\ii 

R.F. system 

harmomc mode 4-2 
dce voltagc ice kV 
fw~uency lC~.l~ hlHz 
resonating system 2 dccs In opp~s~lc valleys 
length of resonatcr 60 CPl 
capacitive loading estimated (earl reso’iator) 58 P f 
lotal RF power est mated for 100 kV 65 k w 

‘l’al,lr 2 
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2.3. Vacut~tn s!;steni 

1)~ to the moderate V,LCIIII:~~ requirements of ii positive inn 
cyclotron. .* cluitr classical vacuum systenl can he used. In thic 

CLL>C, \LC phrl IO llx~h the operiltionrll pres\urc of 5 IO-” mb;ii 
Ivy R conihinatim of 3 x ?i)OO 1/3x oil-diff’uslon pumpi located 
b~i:~w the c~;iwon and j. x 31)OO I/xc valved cryopumps located 
i!bc~c the cy~l<~rror~. Due to ths Iarge pumping speed installed. in 
rq,!Iii c,f lll(. \~~IlllllL! to IlC W:icu3ti‘d ill~(l <!f the Wfacci tc, h? 
~wlg;lSwd. It is t~specled l/M .W op~r;~tiorlill ~:Lc‘~Ill~~l Of less than 
lW5 mtnr (‘;III t-t> ;lihie\ctl Icsi than iii minilrrx .tfler pun:p-d~~~v~~ ii’ 
111~ i.~i~l~m~m h: \ twr1 \entc’d to (11-h riitr-clyc11 

2.4, Irljection 

‘l’hc ,” 01011s \L III he prniillcc’tl a: the center c11’thc c)~clouoil by a hvt 
fii;i~nc~rir I’.1 (;. \oI.rce irltrotiucril ;i.xiall). through an air-iock. The 
111’: ,liIitv of a,, ill,, \OIII’C’C’ 1’1:;lllleill i\ ixj”‘.lL’d ti1 txx Ill e\cei> of OllC 

nhmth. c~~n,iJci.lng the vrry sru:!lI a1.c currents rquircd. 
i\L~.~~~i p’.l\~ng trjr the vow1 c.~ilnl~~; I\ ill bta otx~ined I>), ptll<ilig 
lilt. dli‘ LLflLlgl liupLvHn”lt\ 113\, i‘ rll~iwll that I’ix alid f<lll 

lllll~‘S of 

.s p“” or .c’\\ :o(llil hc ;lihl:\i~il I’\ thi\ ll~i~!iiOil 

7.5. Exirr-ucIion 

li:zh r~fflL~iL~rl,~!, i”;r~itctl~>il 01’ hlgk rwl’gy prutolis Of illI 
i\ochrclnr)u\ c:,rcli,irc,n is \\‘c:l kno;r’n, l)til still quitcz tliffi~ult 
,““hic:ll I l~,\\,C\,<l, 111 thik (‘;iji’. 1hrr.c i,oll\i~it.r;ltioil ;!llr)\% 
i~~t~~ii~~,~~~t ~lirll’Ilfiii:tlc,l1 of lhr~ t‘\L:;ii’Ui% $!‘ircnl 

thr, g<ill (‘1 !lii, 1iill\ 1\ tl~~rc,,i\cri 10 5 lliln #it c\lract:on. 
;:llc)i\ ini: IO ri.di!~ d \i%r!’ ~[it’[? il~:i;nf:tic fici:i f:111-oFi l’or tlit 
C\t?:iL’tt’Cl hCill1-i 

. #Is lilts c.\~r;:~~t~~j i‘k.rn’lm I’I ih\r I 10 n.41, 0 IllOdCI’S[C 
c’itryI’L:on cilliicVicy c’;il: I)V tol:i,l~c~i ‘\Wthollt c;ltl~lng 311 
i’,iL’\l\t( IlX1Zllilli ;1(‘11\‘;1111113 

3. Isocfrrlric gnnlry 

As a part of this proton therapy facilit,y design, IBA has developed 
the concept of a more coInpact and simple isotzentric gantry This 
ganttly is more fully described in another paper [I]. To cover thr: 
irrodtation field. the beam is scanned in three dimensions. Range 
xanning is achieved by a cylindrically shaped, rapi$y rot;lting 
ahsorher. The beam pulses arc nccuratel~ synchron~xd to the 
ah-xx%er position so 3s lo deliver beam only In the \prcific range. 
Axial scanning is achieved by 3 sueep magnet located upstre:~in of 
the final YOO magrxt. Thanks to the optical feattircs of Ihe qjstcrn, 
the beam reaching the patient i\ sirqV parall$!y with ii m:ixlmlim 
amplitude of 30 cm. The effec,tivc source to tsocenter dist;tncc i\ 
therefore infinite. The axial sc,unnirg speed is controlled hy a dose 
integrator allowing an automatic correction of small beam iri:cnsit> 
barintions. 
The transverse beam rcannlng is obtained by a slo,x rotation of the 
final 90” magnet around the axis of rhe incuinlng heam. 13) 
ami,ining this motion with a slight gantry motion, a parallel hrxn 
tr.tnsl:ktimi. or eve!l an arc therapy is aI<0 jxxsibic. reducing the 
<kin radultion dose 
A ~onceptu.11 mechanical 4tmcture has heen designed. The reduLxxi 
di;uneter of this grintq (5 meter. 1h.l fcctl alioii~s ita ins[all;~tior in 
the therapy V.W~ of’ much more reasonable six 
Further calculation and engineering studici will bc needrd tc) 
confinn that the proposed stmcture is able to meet safely all deign 
cpevifications 

Ilrllrhi~ \O,ilC ph!,\ic\ (‘\p.aI lll1i“ll~. p”““” thi!~.lp!’ (lOC\ not 

Ith(ltiilld Iii\- :3ltimati. in hp:nn emiTt;lncc’ ix cnqy nsol~i~ior~. 

I II ‘,<‘C\ i’l, unlikt: c!ciolroll for ph! \lcs. it !\ vs!): nt3xs-x~ to 
~)I)I:II~ an e\t1‘iction ruiilnr: rh;lt ~.(,itlil hi. \cry unirltlcal and highI>, 

lj li ttiviclclrin the o*~~n~~~~~ cii t/ii’ ;tilthi’r\ ti,;it hi;h cxtr:iiYloli 
i’if~..k~n~.!* trletl.oL!\ that 31’s bdwti im ;I 111g/i tt11’11 wpmtm x-d w 2 
i’~ik CI .l~i;il T~II-II ~)O~I~I(UI~II~ 11, rchptw t(t the t~~(trac‘t~~~n tic7 i?.r,\ 
\t.r,i,l(i ‘iii: t>*: ,iWl.‘lli tj1is in’&. 

( )I) 111~ ~iplvhit8f. LX< pl,uI I(’ .Illtr:r lh< s ~ii~i~i~lr~tdt~~~~~ of ,I r.itlwr large 
~.+&;il ~~l~ilt;i~l,:~~ ;ind oi :i n idc l:h.1~? angle The hc:im c‘:ln th?n be 
.Yill\ldcrcd i,\ r,Idl;lll> i.Onlinl!i~l-~ :it C’~;t,;ii‘l,o,i. \t’it~o~ll an> tll[il 

\tI-LI(~:llre ::pp;~!‘t:~lI :m!‘rllrlrc 

‘l’hc e~ti-action system h;ixti 011 Reich .i hc,im structure h;is 
obviousl~~ 3 Imwr efflc~icnr!, hut th15 IoivcI rffic,ienq is r,ht;:ined b:r 
IC’I~ ur!i,;itical tuning\. 
ThS c~t~-x:tin~i 54 avt scnisiti:rtxI \4 0~1d us? :i srpli~m mqn~t, 
I’olloi~ et1 hb pass~vs gr<itiielll c’orrcclurh 

2.6. (‘onlrol 

The propc~scd cvcltru-on is B very sirn;,le. s:ablc. uncritical and 
Colltlllll<~lIS dWlN. The le\rcl of control required to achieve 
Llilillt<‘lld~d opc.r’.iliotr of tilt‘ cyi I~~!ron is thcrdOJc mininxil, 3Ild Itit 

i.:ic~lotron 7lwiild he cclrxticrtx1 iis 3 mere ucc’ess~q of the beam 
tl~ll\-cl-y rysrcr1 

i:(sr the i~i.loli-~~r conlrol u’c: i)iaii to use d hleh level PLC based 
ctmtrr>l system. basic;lIly similar to the svstem used in the Iowtx 
cnertiv (‘YC’LONE 30 series The huma~t htrrlacc is made through 
graI&;cal display, on a calm screen, I keyboard and two virt&I 
h,lcibs roInic;il encoder\) thal can he allocated by software tn ali,) 
im.u~atiIr cyclotron paramettx The normal cyciotr-on operation 1s 
f’oreseen ro be unattended, the oyclotror. control being norrnr~ll~ 
relayed in the beam dzli\,cry control dcyh 

I ggJf 
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