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,4bstrnct 

A new projiv-t for the treatmtnt, of drq> sc:xtcd ranrcrs using 
proton 11cnn-i~ 11x 1wm1 stxtctl at PSI. Tf IC rcw11ts of ttw first 
t,rst,s of tlir: c~c~~clo;~rrwnt of T, fast, 1va111 sl~atming application 
trdlniqllr~ (Irlitgnrtir rlcflrction of the fWrssr11 ~)roton lW1111) 
iwdcclr Intd iti 19SO at PSI itr<’ :,tmml:ri~ized in this I”‘i)“r. ‘I’llrs 
~bl;iils for tllc, ftlt,tlrc~ ~~onstrrlrtio~~ of i* hcvinl liue iic3tlici~r~i*il to 

f~r~~toii thrnq~y t.alg+tlx~r wit,11 the *icv cl<Ggli of a vr%ry ccrmiK~~-t 
qant,ry iirv ~~r~x~~tcd in thr scco~~ti part of tllr, rqxxt. .4 vr’r! 
1,;ir.f cIjiir.iissiirll 011 itlr;l< aid I)rol)lr~lns ill ,ollt, :1 fllt,uW hospit:rl 
l~asd facility for Scit,zc~rlalitl t(.rnliIlattY tlW presult~ation. 

l.Introductioti 

T}IP physiral pro~~rt ies /If l)rotou l)cvrn~s a~‘(* c~xIl<~ctetI to lxirg 
signific.;mt illll”.(~~~‘~,Ill~~I’tU iu W*lc<‘r tlvr;!l~y l)y tIllsir 1::l.g” I’“- 
tv:lti;d of ilrll)ii,\i~lf ,iosc; I~xidisi~tioI:~. I- ? ‘31 >-%C:. 
Al PSI exl)G:ilu- with (xllvf’i‘ tll~~i.ill)y with tll;tl-qYI 1xlrl i 
clrs \WilILIS q”t’l” Ui~Ul!~ !‘tvil‘s. Sillcfl l%l, 482 Ixttir’nts llavr 
twm t rc,;ltcsi! with ncg;>t iv<% ~)iolis using il tlyrlalllir sc.;r[:lliI1:: 
Irlc~tilotl c:t~\-hp:‘tl fir a (30 4.cllkr<~ri?;iilg [liclll tw;inls pp~~~l~~tr~ 

(Picdri.ui)ll]. 
SiIlI*<’ 13G?‘;r,, 8.10 l>ativ:lts 11;lvla nv,<ai\Y,(, i ~wlli;lti~lli tratIr.c,d !‘IN 
l~vd ~n~~l:mo~na canvc*t’ ( OPTJS projcv.t] 11siug a 70 hIv\’ I>:‘<’ 
t4111 lNX!ll at I’Si [5]. 

‘1’i.r~ tllinl I:~‘M‘ i”.oj(vt iIf tlxb r:iv~lir.;il (Ili,i+.lo:l of PSI, n;uii,‘l!. 
chxrgctl pa* ticlr t,llcrapy for titq sc*at(d t ,mu ,rL: using ])rotolls 
of 200-2X1 51c>\‘. is now \uld~sv:ly [C,,7.S] 
Prclton-; wit 11 xxrialde cucrgy :uid irituibity iuitaiblca for 1>rW 
tcdl 11~x1 Inc~llt w~t’w ardatdr for tvhi t~xl)~v~illlt~lkts stitl tirlfi frorl: 
.Jrdy 1389 at, PST. Tlv: lxam i> ot,taine(l t,y dqradiq thv pr<>- 
toIll; frrml 590 ?Ic~X’ (pd on currc,lit I)F iLl)ollt, Xprl) down to 
t3lta1 gilv near 2 (Ii) !bl<!\’ (p”to:l r-urrc~llt nf atm11t ld). I’llP 
brdarrl is rc~a1l:~lg.d ill I~iOILl<‘IltllIll illld l’l1:1sf’ Sp:lC” ii1 tllc> SC<- 
01itl Ixjrt of 1111 tx~;ml lirle after ti?cl tic-q-;ldc~i~. ‘I‘iw prcwLt, 
setlll, is l~rovisional id is Ilot, arbc~mt’ t-w i,llV t.ri:at Iilc~rlt of 
patic.ntz.. Thea IX-~IIU Ias I I l)c?vI 11Wl iI1 t9sn for t,tiv clc~~clo~,Irlcttl 

of it n(fw i11~~t1~~1 ctf al)pliv:itic)n elf r;rdi;ltions it fast. scanning 
of tlkr focuswd proton beam iusitl<> t!lta Imt,irnt. T~hni~~l 
sl”‘(.ific.;it.ic,llh nr~d fir.>t, rcsiilt,s c)l~t,;iirlcd with 0111 ;tppal-at,lls arc> 
~~x~~~~:~tc~il i1, scv.1 ioil 2 of this rq)ort, Slrls,t, tlit, r.c%slllts wer(’ (‘*I 
c~)~~r;iging, ttka thijq. of ik nwv I~c~;i~n Iinv d(-lii.;itc,cl to lx~~ton 
thrrapy has l)~ri proposed nt PSI, ncronllxmicd 115 thv dt+p 
of R vr’ry co~iil),u’t isocc,llt rir e;antry (with tliirxasiiilis silnilar 
to t,hos~~ rlscd for c~olivt~ntiod tFil.t~lPIlt~S). TllrW~ tol+s Xl’ 
lirirflg- disruss(vl in src.tiorl 3. That fiual goal of’ the> proj<‘ct is, 
~IIN<YY-~, to coiitrilndx tu thr, rc~illis~t,ioli of il licq>il id l>aWI 
prot,on far-ilit,y, ndaptd to the II~YY~S of a srr~dl u)nIltry likra 
SxitzcrlaIitl. 
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Figure- I: I,;i)-out cd t!lv r3l)~~rir~u~~~l:‘1 st+:lI> fi,r ttlis t<,sth <lf thc7 
spr,t sl’:tLI Irl<~tllc~il 

2.1~)~~elol,rilrlrt, of the sput acanuing t~~cl~niq~~f -. 

‘l’tis* ~.rt: rI:;n;ilrli: trc’ibtlllt.llt (l~~\~<~liq)l~~~l :rt PSI iii l~:lir~l 011 Tl.17 
slqxqb~x.itiou of tlisixatca close% spvt a~~~)lic;ttic~r;s ‘l’lli~ tl‘lit~ ;,I 
i*;i~,l~ si~iglt~ sljot is ~~~11 localis~vi ixi si>;it’<’ (iii tll(, lateral (liriv.ticlll 
t ‘3 rlliiiii! ilining t hi> !,<~;lrIi i~r’llx it:lti ill tl<slat II I ‘p t tic, 1” I’st’ll(‘<’ 
of the> 13q.y, Iz:tk chxavtcristic of all rlli~r~<~<l particles bc~;mls). 
‘I’ll? <l<xW at. ii pjvcn I>ositi<)n is ;Il’l>licd 1,~ swvitrl~ing cbu thl, 
Iwi~~xi, Illt~itSUl~iI~lF; the qkiantity of iipplird Iidiatiixl whilc~ ttus 
tli 3s~ iq ldng ac-~uirui:atc~~l ;ti;(l liy sxvit <,hillg off t ham I~~:!111 lv13(,11 
thr dtvsircd ilo~ rzll~c~ for that sld has l~v:l r*~~~.htd. Th<- fo- 
cusrd pr<bon l)v;uu is the% mend t(l tlus wxt, epc-It posit,ion 
ultl tllcy c-yr:lv is rcyvat~td. T~,I. fill1 s,‘i,li is pi fornlril ~mtl,~r 
cornlnlt,t7 r(mtrol 1)~ srannili(: t tic l~t~u iu t,llrcv% (liluxsi~lii‘i 
inhid<‘ t hr pat,icnt,‘s s;p<:~ifi~ t,q.yd ro!i11114~~ dc~finvil t)y t 111, tllvi 
:Ipi>t using; nxd~ru diappost,i~.s lib CT anti hll{I. 
Tht heit. itl7[>ill.iltllh is shorn11 in Fig.1. Thc~ sU,it vlliiig 011 illl(l 
cd-f of tliv l,tviin is p~l~fcxxicvl ty a fad brs~k<dr ~r;tr!:ilr~!. Tl:ts ~i~“ii 
trlir(*lnuit of the- (h~.sc~ clvlivr>. is pcd~urll~~tl v:itll :i i!<).qt r,ioI, ;to? 
5ptv:li. Tlie Inot.ioll, wt,it,ll i:> *u(et t)ftt>:I (‘x<‘<‘lit cd (ii: oilr (-ils~’ 
11~ IloGcoit al) iy pf~rfonn~d ivy tl~r, Ilqyidic, dlvflv~tic~n of illi, 
l.ica~ with if sn,r’<:pu Inognr:1. TlW d~~I~!li of :I:<* lWau1 iI1 t hla 1”’ 
ticat is c-ontrollcd 1)~ a ranye shif2e~ system The motion u%ich 
i: I(,;lst frt-c;1ltatIy usid is tlica vd iv;11 cvit’ ;rll,l is 1~<6!rni(~~l lq 

’ rlioving tlie plialir~orii wit,11 ii pcltir~r trll7r.~p”rfl’7~ i~stcm. 

T11cl ;ltlv;lrlt~qys of t tit, spot sc:mnill, c nlc~tllod i-~~rn~p”1xvl to ttll, 
convc~ntiod riic~tllcxl with l):esivv scat t,tv,rs ill t,lilb l)~*illli i: 
surnmarisd in Clic f&awing parqvaph. 
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The close calI lw exactly tailored in thrw: dirncnsions a<:- 
c~~rtIiIlg to tllcb umtomicsl extent of t,lw t~mlor (three dimes- 
siorlnl dose conformat,ion). The do’ ic distrihntion Inay tw 
slmpr~l. if tlrsiIw!. :wcording t,o a 11orI-honlogr~lrous tlow pr- 
sc,til)tioII. Tile trraimrnt is fully aIltorrIa.t.c*cl, multiple fY(l ir 
radiat,ions arc t huefor? performrd mow eKi&ntly. Individual 
hardwitrr likr rollin~~tors, compensators, I’RII~<~ sliiftt~r wheels, 
i%c. call tw ii,voidrfl for IorItinc trcwtmrrits (1)11t ca*i lw incl:Idcd 
ii’i iit1 rq>ticin for sIwciiIL 1 iII(licat,ic)Ilsj. A ~?ery small comI)act 
g:t~lrry ci!11 1)~ tirsigncd for t ltct spjt slwmiug tcc.hIliqut,, 
l‘hr, “,lii,,I,,~iihiitioIl” of tlI C’ spl’t, iq,l,li~ntions IIKik#Y+ tll? II,~~t.ll~>rl 
iw+~Iwit iw to 1~~a1u instal)ilitiw. Tlw ~I~~~~tro~Ii~~s performing tlIr 
tlyn;nnic trc31 nlcat tu:cl ihe (lt.viw.5 nwwsary t,o gIIilraIltc:r t,lIcx 
i;;lfi,ty elf . lw t rciItnI<.Iit arc’ simplu to rralizc for thP tiisr.I-c%c 
tliaI1 fiu ij wiitirluow scan Inc,tlloti. 
1‘11~ ~lih~w~t~~ hliot hi’:*II ic,~-lIIliq~i(~ cs;Ibily Iu’IIIIi: i t II<’ syI;clIIcr 
uis;ttir)II of tl:r t,rratmcnt wit,11 the 1)haw of LrwtlIing of tiw 
l’ntil2It. ‘I’l1~~ l~r.c~l)luII of c~rg;rIi n1o~vIrtiwts tluriIIg trc%tIIirIIt 
n:lrl wlatd tlow f’rrors. iin’ di~cius<~d i:i it sc,l)w:ltr wp lrt [9]. 

Spwific;ltioIIs for tlIt> tlyw~niic scamii+. 
‘.Phc slmt sb at tlI<i B .I t’i~g 1u’al-c IIai; diIIIwa!oIIh of ;111oiIr 0.5 to 
1 5 C-III F\YIIIl iII t hc, tlIrw> tliu-c.1 ir,lIs.d~,I”‘II’liII!: oII t.1~~ ~II,~r,gy 
of t,l!r> l~:wn. \‘\‘c assurnc that. witIuIing with tiic- 1wnIn slIo~~l~l 
1~13 1~~11;1r11wil OII 2 E,I!CI wit11 ii IlIc?11 47~~ r,f tj,l>ic;lily 5 IIIIIL As- 
~uII.i~ig ii tr~~iitnttat Yoliiitif of I litw i~nd iuI in-wliaticu~ tiriic, 
0L” ;tl~311i ? Irlil.llti~i we* c.;~li~Iil:ltc~ ;i t<,t;Il cd ;il)oIIt 1OtNlO s])ot’i 
;1:1tl iL ,,11’:111 II‘lilC l;Ltl~!II tlllll~ of I” IIiS I’<” S[“‘!,. 1” If \\‘C’ \KlIIi t<, 
crrIitr~d thy (Lois at car-II S~KI~ inliivicin:ill, at t,llt, I?{, !?\-I~1 \LX’ 
II~YYI IO 1~. ill,li, to s:rir!-1I 11ff tli<s l,cwr~ wi! h ii rt.:rc,tion tilncs of 
120 if <.Th al~ptrt~tus th~~)ictc~tl in Fig.1 1~1s lw(~II cli~signc~il to 
satiify :lwi~ gc xwr;d y~~~~~ilii~:itio:i ~~:il;. 
Tlw cotn~~ nlratlts in Fig. 1 ha.vt, betyn constl-rIct,cTti and i;tstf,tl iI1 
1111, N.41 I)~-:1111 liI~ tluring thc, IWIIII ;wri<)rl of 19% 

Fast IiiikfT IlIil’IIl t. -- 
E‘li:Irtii;II: OII Oif’s\vjt &iIIc: of tlw Iwi~111. ‘l7.1 ltii.k< r nl:i~:IIt’i i:: . 

ii I:wiinill<~d C-bh:~pul IIIil&II< t wi-11 i*II t~fi;,c-ti\~~~ fit-ltl 1rIlgt.h of 
23 ci:i iuIll in rlhngrif,tic- fic,lcl OF 0.5 kG;911ss. Ttic pcwri supply 
ii1:o\i.. t.tlv i\vii cliiIIi; of tlIr> c-rIrwnt iI1 tlIc* IIq,iic*t from 0 tsl 
t511 A:I~~INI~~ ili IOil ,I,, :vi-Ii ii IiItlI~.I hi$i U’;~l’t.itiidIl Iatc (rYi~lil 
tiIn<7z ah short as a fwv mi). Thcs kiclwr 11Iiig1wt has ix7m iII 
s-all< tl ;LII~~III 2.5 IIII+CYZ ;r~blr~v!IIi OF ttas last ~uw,liIIL; nIitgII’+ 
of tlir, l!t~aIIi lirw. .4 iqq~~‘r c-~~llimi~tor nitli a horizorit~al slit 
rbf 1 1n1u wirltll has ~XY~II placc~l iIIsitli> t II<> gal> of this l>cridiIIp 
Itli3gnd. ‘Th ~s4wn 0piic.s of tl:(* b~;tr~~ have, t)r,r,l, clios~w rvith 
a Sllil!‘[~ wrtic;tl fwus at thi5 cc~llirnator l~~r~ilt,ioII. \v11rm t11r 
lti?k~~r is ~IO\*,YLCY~. tht- lwnni is ! ( -1 &rtt~l in the vwtii.al diwc,- 
tiotl 1):; about. 1.2 cm and is then coInplt+ely stop+ in thr 
Cclp~N’r piat? of Lll . I1 j ‘c‘ c 0 iiIiator.R’c :~wiisurc~l tlw reaction tirrIc> 
frlr th(s swiichirie; uff of tlw beam by rwi~rding ttw ratr in a 

~In:tll scinrillatic.iII corintw fIllring t,hc: lmm-on tinw and irrnrw 
riiattsly aftc.r. 7’11r rt-act,ion t,iInc IIas 1)w11 III~whnrwI to 1w 50 p.*. 

Integral dew r.lonitor. 
‘l’lw monitoring of t,lIcs dew is dmw with lhic parallel iolli>;i- 
ti(iIi c.l,;IIIil)cw (gilts 1 cIrI) i.o\‘ltriII;: tli<s fill1 lwitm (thin RIII- 

n:iuizc,cl mylar v&~dcws mounted on rigid modular framrs). 
Tlip c11iiI1llicr rnodulcs arc placcti in a box filled with ticliurn gas 
(at about, 1 atmosphere) and are operated with 1 kV voltage, 
lo pIaraIlt~~e R fast ct)llrrt~ion of tliC ch:Lrgi~S (ionr and f~li:~trOIis) 
~~I~.~lucwi 1,~. the radiat,ion in t.hr gas. lZ’it,l1 1 kV ttw cn~~all 
r<~ac.t ioI~ tinIt> of tlw full dew deliwry systl,III i~fast kickw rrI;tg- 

Ilr% ~ontrt~~lk~d by itw iouisaticu mruiitor) has l~<.wi ~nrasurc~c! iu 
f,ll(~ Imrn to Ivy 135 ps. 

Figure 2: S ray film irradiatc~lf with thcx 300 Li~x\’ p~ton ~V-RIII 
lisiIIg the spot scaIl1li11g Ill(dlIod. 

I’osition zwaitivc monitc,I systcwl. 
‘lb most frrqlwnt moticu elf tlIc> IJC;~III i5 ])~7f.lrIIIc-d 1)~’ thi- 
swrepcr rnsgnc!t, (sw bc~low). In ordqr tc v clwik (on liw) the 
proper functionirq of t,hca swqwr system the, poGtioxI of the 
d($l<,c,tctl IXYLIII is ~I~twsiIIwl iIIIIIw!iatc~l~~ in flront of tlw patient 
for c-w-h sp)t clt~lbc)sit,ion dIIi.iII~ tr~%t~Ill~~IIt. .4 i”‘~iitioII-st,Ilsit,i~~~ 
helium monit,or ctI;imlwr has bcvrt built aIitl placed in thrs s:lIIlc‘ 

h~~lintrI IKIX as the, into-pal Inorlitcir. TlIcl hip;% v~~l~ap;(’ ~~l:uI(* of 
tlIi7 vl~;iIrll)c~r iq tillw1 \vitlI rt>?[,c-c-t, to tll? two ~~:1r;Ill~~l grOlIIl<l 
plmw c011iY+11g tl1c ionisatior. clIarl?;<5 l3y ti$!<ill,E tllf raiio 

Il/;Il-+ 12) of t,?lr c-lIargc>s ctrllwtc~l on l)ot,11 F:i(l,a5 of the, tiitwl 
foil it i5 p<wil)l+h to IIwiisilrt t,lIc> wntroiC1 of thl- 17c~aIII. III tlw 
(‘ilSC of tlIc> x motion. t,lIc- tilt.<Yl foil ti;is hwn shiL1)N! likts il 
zigzag profil,~. Rc,l”o(l”‘il,ilii~ mras~t~rmrnts of the charge r~- 
t,ii) ruwr(!c(! for t ilIlt> iIItcr\sllq 2s sl.<,I-I iI’; 5 Iris w’r~’ ])WfOrmcYl 
shcwitIg a po$itioII I-csolutiorI lwttrr than 0.5 mIn 

Raqc shift,cr. 
TlIc range slIiftc7 syswm ctuisist.K 0 f ii St iL<.k of 40 p”ly~tl,S.lrllc’ ., 
ljlatw, (7iclI ~.SInm thick ;iIItl wit11 it +w 2.5 (‘I11 x 20 (‘111 irl :1X 
diwctiorI I)~‘I’l”‘“diclIlnr to t,:‘ir lw;mI cowriug the rntiw regioII 
c,f tlIc> s~~yt ham. Tlw Itil;rtes <WI 11~a IIIOWYI intlividIIally into 
tli(x l)~~arII hy ~mru~mlt iC Xilvt5 (i,iit CRII I>(- wiIioYcYl o:lly c-01- 
lwtivc-ly with tlI<s f&J1 st;~,.k !. Tlw tinw ~lrsl;iy uwti{~l to triIIg 

OII(~ plat,cb iu thr l,c*am has 1)(Yb11 rrwasurl~tl Ily nII optical system 
to lw 1~5~~ tl:illl 313 111s Tbs timt, f<lr wntcwing tlw fit11 dark is 
longc~r (;Ktr1lIld 100 Ins). 

Thr marnrt, for swwl)irIg tIltA lawn is of thtx s:IIIIo d<GgIl its tll<B 
f;j+t Sci&. t,llt with’;1 ;iiff~w~ld pc1wrr su~)~~l~-. ‘I‘t.tx tl(‘iLIIl CilII 

13~ sw.:l)t over a region of ilflcrfr iu the, patient at, a distancr 
cjf 2.5 ttt from the tme;tict, by i:tIiuI,+lg tllca magxwt. clIrrent, owr 
11.400A~rtp Tb sweeping spwd has bwrI nwasrwd to hi faster 
ilm11 1c111/1ns. 

Simulation of dynamic trcatnwtlts. 
With t,he full apparatus as drscrihcd abow wr pcrformc~d fir<t. 
tCStS for t,hP S])Ot, SCitIlIliIl~ Illf’t~lll~ti. 

Fig.2 rhows ttIr> c:iIuljilit:; of tlIc ‘;ljot ‘I~:IIIII~II~ IIwtlIoil t.0 stliil>t’ 
thcs dose according to wsry irrrgclw target volumes. Thcx X-ra) 
film has been irradiated with the prc!ton beam at 15 cm drpth 
in the water phantom. The hardware used for t,he test, for dy- 
iiimiic treat,nwnt wit,h prot,on$ has twr:I fount-1 t,o br withiIi t.hc. 
original specifications. Although the trratmcnt, p1annir.g sys- 
t cL*Ii for irrc-g&r voluIII~5 nud with inhomogrnc*it irs has yet t(! 
1~ derrloprd. thcx tc&licitl frasit.bilit,y of tlw 5pot scanning terll- 
!II<rw !liIs 11wri tic~nIoIIstr;ttril in practice 



279 

3. Proposition for a dedicated proton facility at PST 

Thea *lext htrp of the project is the realisat,ion of ib new Iwnm 
1iIIe Rit,]I a dedic;ited XTR for the t,reatmrrd of patkIds with 
a horizontal beam. At n later stage H compact gantry dl h 
iIlst,a]]p(] iI1 the t watInrllt ar’ra, The optics of the hram liw 
have l~ern &signed. in s3IclI 3. way to have a complet~e dationd 
sp)rllt:try of t,lw lw:t*n (symmetric Ililaw sl~acv aIid cOmpl?tt’ 
;i~]~roI*laticit,y) at the coupling point t,o the gal-itrv. 
A (yj*qla(-t gantry with ii diamc~tc~r of o:lly 3 lo 4 II! Cilll l)C’ 
rctalised for t,ht: slmt scanning llli~tllod. Thr di;unc~tc*r is rc- 
(]l;ciyt consirhhlg c~r~*qmrd to other pr0pCKllS 1’5’ plnClllg 

tllc sweeper magnet heforr bending t,lle t~c?:~~ll ttnpXi1 

t llc: pt ifylt (SW F&,3). Tl~rr patient tranq~ortcr- systcw1 will hi’ 
~~~~~~l~,f,~\ ~!ju,f-tly (>11 ttic, gi~111r;; eccrnt rically wit.11 rtslw-t to 
the gantry axis. Tl ‘,. 11s rrtluccs further the radiiIs of the gantry 
r;y*t,pi:1 ant1 ;xt,s as it count crwc~i~ht !“<a, this rn;lqllets oli the 
g;jlltr!;. Ttw I.ot;tti(jtl cd r1.r pant& must 11r nc(~om~w~ird l)y B 
r,.,ll*,t,%I-ly,t ;It,iiill ( ,f t]lc 1)ilt icvlt t r;~lls~>oL+Vl’ 53).St (‘Ill, Illililltaillillg 

tl!c* ~uaitiul: of tl\cJ lxlticwt lio!i~ontaI at any :~rl~li~ of irlciclvnvc, 
Of t11cs t)f~;\lrl. 
Ttw swcy)ing cjf t,hcb lwwm is l~vrf~lrlrwd <ally ill thr dislwIsi<xl 
p1x11~. This itllo~/s ttl(x gt~> of tile mngrlt~ts to be kept its sm;~ll 
a5 povihlr. The ;tr~;rIl,p~lIlr~lit of t tl? WitIlIliIl~ dwiccs 011 tlN> 
gimtry is esscntia 11~ the same as in Fig 1. Thv irrll)lrlric;rlt,n- 
tiw of tilt? swcq)i~~g i11 Ihi: lmm optics of tlw ~iuitry allows 
t.tw &sign of tlw 00 d(:grw miig:ii<+ to 1~. diw~ in su~+i a xx> 
as to disp!acv t h(s S\vi’i)t l~t%rli I);ir;tllt%l to its dirc~ctic01 (infitiit i’ 
scwrcx-to-skin di,it;ulc~~). Al! tluw~ itxt’-: of w-;i:iliing arc ill this 
v;:ry c:om~~l~~li~ly .ritrti,si;ill This Mps t,o r~:akt- tlw twntlwni 
I&uulill~~ twic~1~ and I.I,IIILI.~L( t,hv skill dosci. i 
Tlw spot, scanning mcthc>d allows thr atitlition of &xx~ ficalds 
sllill)c’ti liliv wi~ilp~s into x sirl:~l(~ I;q<s lic,:lio~~~:~~~~i,ui fir,lti. III 
this way it is po5sit)lr to ixwlixt~ twi~tm~nt ~v~llmlr~s lnrgc7 
than z~llwxcl t)y ihe IHXY~ILIIII~I rangy of w:umiqz,. Tllis shtrul~l 
Ix’rmit us to kwp tllcs n4~itli of tlir polv til)s of t lies 90 tbgrc~t: 
1r1ng11d r.iltlwI. sIll;tll. 

4. Future plans for a hospital-based proton t,llerapJ ____-.- -.-- - . . ..--...- 

facilit> 

Any tip? 0:’ acc&rai0r _ (srnchrotrrm, “J’Il’llrl”‘)“‘lotroll; ser- 
t,or cyclot rou) s*iin iI1 principlf~ txx utilized for proton tll~‘raly. 
The re1ativ-c mcritr of any of thcsc so!lltions :tr~ quit,c diffi- 
cult to jrtdgr itt J1rrs~at. Flom i,hv point iif vicyw of rc~lialbilit~~ 
and siiril)licity of oyvrat ion :i $cv,tor cv’ f <:li,t I‘ijll sllollltl lx, il VW)' 

attractive sohit.icui. This IllaAiw sl~oultl IN,: l>rwent any prol)- 
lem with rtqwct to tw’iuii int.viwity, which othc,r sr)lctiow ccrulti 
possibly haw. Thr ryclotrrm has ihc twqt possil~lp time strut- 
turn- of ttit, 1~w1i1 hliitat)lf~ flli- t It<, Ivalisitt ilxl (if ii Ifcwn scanning 
twhiiiqur with thrw dirr~c~nsio~i;il coxl~oxlliatiori. Tvitti il scctoi 
cy~-l<rtroli (III- sy cltl-oc,~c.lotrr)rij VI:<> swilc~lliIi& on ;u.il off of :,I,<* 
l)(~itlll call lw (Ion? dirwt ly at tllc, ion solli‘cv (c~limixibiix~ of 
the fast kicker m;tgnt+). This possit)ili?,y is also vt:ry attractive 
front tlw p<lilli oi viwv c,f patichnt safety dllriug: tt.~::~inwtk. Tllch 
IllitjOI. tlrilIVlj;ICk of tllWfs il~'Ci'l~~rilt or tyJ)<‘s is th<l fiXPd 1.b?iiIil 
t>*wrgy. I’ropo~it icw for ci,llstructirlg r~yclotxons ur synchrc.ic! 
clotrons with 2 or more fixed energies have heen formulated 
recently [lO,ll]. 
The possibility to vary tlw cxiqy (even on ii pulse by pulwc 
hasc) is prol~al~ly thr strollswt arglmwlt in favx of tilt, Fer- 
rIlil;iL~ CoIrlpWt ;sy Ilfllrotror~ [ 121 for tltc* Loltia Lilldit prOto 
facility, whic!l will twconw (>~)~‘I~Itil)lli~l tllis _tt’nY and will 1x7 t,tw 
first hospit al-bawd proton facility in the world. 

90 degree magnc, 

_-- ----- 

1 , 

Figurrb .3, Si,ticiir:;rtig. rr~trl’,‘~i~*it;itirili <if tlirb 13i;O’ ~‘~>1Li;l;“‘t p,;lIltr\’ 

design for PSI. 
Ollr~ of tfw IllOst ill~~!~xtallr iwlt~h to 1:~s ir:~;c~sti~:!t,yI i\-itll 

t,hc IIP\V prt>~)~~<‘d t)<;nI~! li~\ct at PSI will l)r t,llcA iI1lI>~~~rt,~~I~c.~~ ill tIic3 
practice of daily t ‘%I t rr ‘I riirnts of t)cLirlg frdy to cl~o08~~ tll,, c’n~~rg; 
IIf the J)rcltoll twnrlA. This ~xpc~rieiicc~ will I)(, ii miijor glli(l,‘Iillt~ 
for dccitling on the accc-hator t,ype toward t,lIe rc&;ttioll of 
tllc: first hospital lxlscd facility for Switzc~rland. 

This projwt is wpportetl 1)~ a grant frown tll,L Sxvi.+b K;~ 
t ional Scicnw Fm11~dat ion (NFPIS, 4018.%s(jRj’). 
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