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,\brtrxt: An :wclllrlt of tlw IGnl~dic;ll Iuckpnwrd of the ini- 

li:ttibc fill lhc I~III~C~W:I~ I ~ght Ion c:1nccr thrr;~p~ fucilit! i’i gi\crl Rcwnt 

:i~l\~.it~ri 0I tlw ltxltdity study of the cllI~“‘.“l~‘lilctifl~ sqxlr:~trtl ccctor 

~~!clotron cr)nwpt ;qvv Ivcwltr.tl, :uxl ;ullcrn;lti\~ ceuw@s of thr IClity dc- 

\iptt arc diiwsscd 

Introtluclicw 

Since 11~ idw of ;I I:rtropc;~~i dart in lipllt ion r:dir~th~~r:~p: 

JI:IE hccn pwpos~~l ,n IOY.5. the maill ol+cti~;r’; of 111~ ITI I I&l,\ 1x3’,, 16 

il.!\ I’ 1>cc11 \rlhvYt”‘.“il~ rclinvrl twtll ill IrrlnY Id- Iw)lll(.dlwl ;I1111 t!*rlllrii~;ri 
~\\tw III Kovctnt>:r 1088. ~1 v,ork+op on thr Iwtcntial \:~luv oi !.dlt 

hc:ml ttwr:rp> [I ] \{:I? org:lni/id irl (‘cntrc ,A I :tc:lsr:lpnc 111 ‘U-L I>:) llv 

(‘ornmiucinrl 01 111~~ I:llrc>pc;~n ( ommtlrlitirc I IIC c(lnclllTiorx4 01 15 

rlwttn~ :IIC the fullr~ninjz 

I1 Il1(.11. :IIv 1~011~ twlo~irnl (hi@ I itlc:lt I’tlvlp? ‘I r:lll~fcr). ,llld I‘ll\ \#:..\I 

,~;IXOI~C (ljr.~gg ~XYIIO for ~.xIxx~itl~ twtrnti:ll Iwwlitc 01’ thn kill(l of ~:~,KLY 

tlrntlllcrlt 

?I 1 igIl1 ion Ix~nl tt~~:~tl~l~nt :~llow~ :I n701v .1wt11:1tc irwli:ltion 01 tilt 

111117or, tllir~~b> tv~~~\i~~g the \~lnoiltxlirlg hr:tlth> tiww 

I) I hr c tinical tri7lc pufvrmcrl co 1;11- in(li<.:tlc 111~1 lhrrr i\ ;I (It3r :1~1\;1!1- 

I:IBC (11 lllii t!pc 01 tri,:rtlncnt for ~3tairi twwrs t!I”v\ 

In odor to mrcl tlw ncc~l for vw11 ;I trcnlmrnt, tlw I~~lropc:~n 

(‘orntn~~~iot~ I\ 11, Cl\ ~~1st of thr irnplnnt:rtlori irl I t~~opc of a prnfotypr ac- 

c:lrmtlw. I’I !I .rnrz. for c:dw11, ox>gcn :d n(‘on I~:.:11119 of (‘nq)’ “,7 to 

4110 \I~~‘rlrlcllY~ll 

i 1’1 Illi\ i\ cxjwctcd 1,) trrat ltlt1(1 p;ltirnlx prr !car 1111% 

1mplic5 lclllr trialtncnt rixln,s will1 lx3ln~ that arc drlivctrtl IwIll twriou- 

tall! and vcltic:llt>, ;~nd that arc cquippcd will1 dynamic hram ~prratlit~p 

\\ dcrny to pm” itk fiidd si~cz up to 20 x 20 cm’ ‘I hc hc:ltn intrnGty u ill 

IT nwlp31ildi~ with 8 cc ;ulnirlg bratn drlivuy. :Ifld ihtcc rlinl~rnion:~l sc:iw 

ning of thi. tl1nmt vc~lilrw nilI t,c :rlco positdr /1 vlpplrtncnl:~~~ r:ctli;lti~ul 

;tr<‘:1 \vilt 1x1. :,\:iil:ll>lc for rcvarch :Ind ttic dcvclotnll(.llt of nc\v trr~ntrnrlll 
mk9twdv. idldlnp di:l~nr~~tic~ and ttcalmcnt wilh rattio:wlivr hcams 01 

posill-or1 crnlttuc cl!< t1 a9 “‘C‘, “C‘. “0 311~1 ‘“NC. 

lo nctlicw the planncrl nurnlx7 of trcntmcnts per (lay, it is 

csscntid 11x11 p:iti~wt\ sho~llcl ~pcntl ;I minim11m 01’ tirnr in thr Ixatn tint. 

I’ht~ nw:ln’i tInI thr picpwntion of thr patirnts newt hc c:1rrint alit in ad- 

joining room\. cq~~ippc‘tl \rilh al1 nccccswy rntlio~mphic nntl diapnstic 

:1ds. 

I hc propnwl I;I ‘I I’LI A xvlcrator sl~ordtl thrrrforc Ixortucr 

light ion t*.;wc of vIIIicic.nl cnc’rgy :d intcttdy to tx of clinical and 

biologiic:C ~clnwlcc. Furl hcrmorc. this accclrr;+tor shcwld Ix cosl -~ ctTcr- 

ti\c. of cnrnpct cl/c and highly rcliahlr. ;I$ its pilot role should cnahlc an 

a5rcsimcnt of thr (%nical baluc of Ii&- ion thcmpy and the nd for 8n- 

iliu instdl3tic~n~ clvwhcl-c. 

I hc drtailcd design study of thi5 I;tcillt!~ is hcing c:urictl out 

t>y thr I I ‘I 1Rl.A I’wGhility study group lws~~d I>> (‘l:RK In this report, 

nc prcwlt lltr xlJ;mccs of the fcnsihitil) stadic5 01 thr c~lfrcr~l 1:lll .IiLlA 

concrpt turd 011 :I s~tpcrconductit~~ cyrlotron LZ]. and diwwcc somr at- 

twn:lti\c cone-cpt< of IIW mnchinc dGgn 

’ 011 !c:~\.c frtltn the lhrir Kidrir Instit~ltr. Iklgratlc, )‘r~gc~~l:l\-in 

‘I hc Scp:twtcd Scclor SuprrcondIlctine C‘~d10ron rtwccpt 

If a compact ncrctcralor of the cyclotron lypr i9 to Ix built 

wtli ,:11 vnc7py r-runtant of ahout 20011 M?V, the only vinldc wlrllinn 

‘i.vux to ix 3 wprdtctl srrtor marhinc with a single cylindrical ruprrcon- 

&i~:tine cncit:ltiori coil, contrihutinp a? morh 29 SOT:> of thr nxcssary ai’- 

rwgr magnetic firkl of ntwut 3 ‘I‘. 

,\,iclv /:rw trwctl;ulic:ll vmplicit~ of having ;t cingtr cr>ust;tt. 

Illi? mi. q>I t,tinp if~rl-.~i ~In\:.llics in thr mdlirw ticsign sincr thr nip- 

lii‘ll~ Il:/li ill lb r.llli~~ < IpI;+\ c 311 ilnIxvt:ult role in ~lctrrnlirting the 711:s. 

i! i’h, p”I:I llcl:‘~ I 111, i 1 : 111 ;!I ItIt‘ fldlinc is ihonn in I$. I, whrrc thr 

:)I I/ \‘.l,l, P,, .’ ,,’ jr, (:!I \:111: it <irlplv ~7>o\t:lt i< \isilrtr ,\I1 (.xtcI.II:II 

c ‘tli~~ ,:I tin ! ( 1: t!p: j 3:tt ,4n ;cwl injrction cvstcrn for thr stad ~- :~IIWC 

itlwt,:tion (11 1 tlv I~I:K~IIII:. iar 311 :rltcrn:hv to n rxlid injcc.tinn r!Slctn 

:,,>!I, ai, 111)1~(.1<!1 i\,l~lrt~~~!, ,u ;1110 ‘.lll~i\,, -1 111. In:litl p:u:llnctcr\ of Ihi< 

ii7;1( hits ,1!~’ gi\cli in I ;~l>l,. I 

I:1 11 I\!,\ r\l;rin I’:tr-:~nwlvr~ 

Particle frequency 
Max. energy of oxygen beam 
Number of magnet sectors 
Sector angular width 
Average sector spiral 
Coil internal radius 
Coil external radius 
Coil current density 
Number of RF cavities 
RF frequency 
RF harmonic number 
RF peak voltage 

at extraction 

17 MHz 
400 MeV/n 
4 
35 deg. 
30 deg/m 
2.20 m 

2.60 m 
2650 A/cm’ 

2 
119 MHz 
7 
200 kV 

IGe. 1. <Tcnrrat layout dlhc I:111 I\IA acrclrmiclr 
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.I Iv Inn SOIIIW :md lllr axial tntccliorl 

It \I;IC c~~n~dcrrd qyxotxinlc :I! thr Ixginninp of the fc:lsibil- 
il! slixl! lo cxplnrr Ihc txl?\ilGlitiri of otx~ral~n~ I:1 II ILlA irl cilhcr of thr 
IIs0 rcplrncs. i.c ;I? ;I ‘31and :~Ionc clcdic-:iltxi facility, or nq ;I twclstc’r qrto- 
tri~n for 311 :drc;~l\~ rsistinp tn;d~iw with an :nrti\ c Ihrr;rp!- propr;lrntnc, 
st~h :IC :trr tlr~>cc in Niw. 1 oItv:lin Ia Kruir and 1 ivcipool. In lhc fur- 
m’r mv. dllc 10 it? CXCCIICIII rdi:~hllil~ amI hitzh intcncity. an I~lrc.tron (‘y- 
clolr~u~ I<~~m:rncc iw wurw nw\ Iv IIwt 1~1 plrdllcv high cl13rgc 5l:ltc 
i(wq IIKII :II.C m:~thixi to llw firs; ;~~~crlcl-:rti~~~ oll>il~ ill t:tlt IVA hy a 
cllilat+ axial injr~lion yy\icm. 

‘I hc f.,:I*ibility r,f injcrling a tv;iln iiom :~n l.c.11 wllrcr into 
1.t ‘I lh1,4 :~lony I!< axis (lqxwd~ on \,;ltiollc lu tlrlir;ll ~otvtminl~, cllrll a’i, 
Ihc irlicclicw uxw! igi! m cilhm by :I high vmtl:tgc or an RIT()), Ihc diq- 
1:1w~ Ilvm thr dw IIOCC 10 Ihc cwlcr (11 Itir nwcllinc, the nmxinlum inup> 
pain atlil llw irlllcclr~r i!fv i\n initial cllltly In\ imlir:tlrd ltwt lhmv choill~l 
hc no nnior lrt htlic:ll potd~~~n~ in ttnlping :lti :mi;lt irljrclion ?!?lcrn for 
I’\ II IRIA. providc~l that I25 k\’ c:\n lw :whirvrtl on the tlcc tip?. ‘l’hcrt~ i< 
uwugh room in thr tnacltinc ccmlcr IO Inc;~lr ;I “r(lmli,I-t:~hlr’ 5iml illflrc- 
Irir, \rilh ;I,) irltciclrclroclc clislnncc of lhr dcr of I 1311 :d widlh of 2 Cl11 
III lhlc c:I~. lhc irlllci?or ncccplnncc will t>c mI1ch tnlpr Ihall ltw vmillxxc 
rxpcclcrl irom 311 I (‘I< wurk‘c ( 1511 to 200 mm mr:d :(I 20 kl’) 

/\n itnporl:tnt ii\w in :~svwir~g 1tw fc34hilily of llw axial in- 
jwlion i< ltw parlidc twlm Ih:lt cau hc cxprclcil xl the cxil of 1’1’1 ILlA 
In c~titmling lhic rt~m~lil~, :\ \;IIIIC c,C 0 7 lor lhc lianvnis~ion of the Ix3m 
IO thr OIIIGI~ thr n~achinc WCA nny Ix cowi~tcl-ml ;IC tc:lcorntdt In lh:ll 
v.~cc. lhr tol;~l cfficiuwy I’i c.\tilnafctt lo t)c ;!I ltlc Iv\rl crl 5 IO”;> or IIIC 
rllltllbrl- III pajliclcc prodrid t>y lhr I’(‘11 ion w,Ircc. 111 Icrlnc (11 Ill<. 
nlmtwr of ion* ddi~c~cd ~~lll\idr the nldlinr ;~rva. ltw :mi:ll irljwlirm 
\1~111.111(. (.011111 8’1” :!lxltll ItI’* ryA of (.:11txl11, .lll(l 5 11)” cy\ of ou>gcn 
IVII~. I\IwI(’ lli., initial ,or ~01uw CIITICI~I< ;w Ihow of 111~ O(‘ I (tl’t S 
w11rct1 [ II 
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1.i~. 2 (‘~>rnp’:~tiv~n ot rnc<li;tn pl:~nc lirlil pn~lil~* 6r lnlvpr:ll :tj~tlto:1cll 
(frill lirlccb ;ml I OSC‘A c;llc~tt:~tio114 (\\ nltwlc~ 

Xl;cgnst dr\ign and twun ri! fxunic: - - 

j\ ccrrj~irttqy~t~tc cfforl of lhc fcaxihitity 91udy h:lT hrcrl dCVOlr(t 
l<, lt,c. ,tccign of lhc m;qnct. wllich, tw4c~ tlrlrrmining tlw hr:llll tt) 11:m- 
ic’: c(>lldiliqjf,q, ct,;lhtd ;I hcltcr insighl into tlle coYI and imylctncnl;lliolI 
iys,)p (,r I [:I 1”Ll.A S~~~cr:tl dcl:qilr 01’ lhc tn:yW clc\igtl 31’1 prcsctllc~t ill 

rcf [4]. 

tkc:tuw or llrc ccvnplcxily of lllr nwgnrt. scvcral ;q~pr0;Klrc~ 
tc, ltlc III tnqglctic licld c;llcul:rticmc ncrr rnlplo)rd In I:ig. 2. xI1 arirnll- 
11~11 (li?lrit>lllion of lhc median plnnc tirlrl c~hl;tincd with Ihc intcpr:ll q- 
prrxlr-h IS] is Lwnp:md with Ihr rc$lllt? of lhr ‘I OX’,4 rrwtlcl of ltlr m:lg- 
net, mnlirrninp ltw ltypolhcri~ of cc~trrtdclc snlIlmli~ul of lhr itm polrc 
(‘~~r~wt~~~nlt~. Ihc ploccdure\ for firld ~sr,~hn~nil;llir,n and sidnr +I-aI 
;~ljuelmc~~l [ 41 9wm to bc :drrtualr for ttic inili:tl clr5ip 
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I:ig 3 111~ fonicirlg frrql~cncicr I’, v, .111<1 Itrv licl~l Il~ltlrl 

An illllsll;tti~,cl of llw tvotwlws o( lhc hc.um ~I~n:ltllicF in lhc 
rrsrlllitlg m:,grlclir ticId i< pixw it1 I’ip. .I, \\-hi~1c lt!v 1:ldi:ll :111(t ayi:ll Io(.Ilc- 
inp lic~t~~mcic< :I!ICI lirl<l lll~ltrr arc pivcn 19 In;Icllill~. rxliln :\5 cupcctrd 
for ;t four fold pc‘nm~lr\. lhc rnrltal Irulciny IIc~tlwKJ I’, riwi slr:l~tIt>, 
nppl~mching rw:u Ihc cxtl-xtion polnl thc vr J. 2 rrsotwncc 111c axial 
fncllcing ftcqutwcy L’, i< war 1)..$(1 for ~111 ridil, which i\ rn:rinl! llllr 10 ill- 
crc:lsinp spir;lt ;wlicln v.hicll conlpc’nwtcc lilr the licld Il~lllcr (lrvp hc~c~llrl 
r ‘- 0 R tn 

‘1%~ II I’ mvilim - -- 

13t4iclrc thr 111: frcq~~cm:~ d I I’) 111 II id h;mnrlnic 7 opcr- 
:rlion, ltx ~tcsign gmls of lhc acctlcr~ling cystcnl arc an xt-clmlitly \oll:lg<’ 
of IO0 kV/gap and 201) kVlgnt > al injcclioll wnrl cxlrnrlirm. rzstvrli\~cl~. A 
rotulion in lt~r form of two 111; caviliw lhnt arc Ioc:llcd in I\\(1 yywGl( 
v;rtlcys hns lxcn invrsligalcd. Ihc 10 md~:~nir:~l rwsons lilt cnvilws 
sl~ould h;,vc :I dt.tt:c 4qx-d rlcrlro~lr thnt is supporic’~t t>! lhc 4rm which 
is, to rcducc lllc pwcl- IosccF. as hrt,;icl ac thr ~.I~vl,odv ilvlf ‘I hllr :I c;I\ iI> 
of ltw t I lol rrclllrant waiqyli~lc I! pc’ ic ot>l:iirtcd xc 410\1 II 111 I:iF. 3. 

t,c,r lhc p,I,-pnv\ of r;llcul:nliol~. llw <,:lvily. c:\n tw split in ln0 
:IllTlcl\t r<t”:ll tl;ll\c~ :tlmg thr s -S lint. t )IIc 111 s~tnmclry, Ihr \oll:lgC~ 
arc m:lximnl :In<l nlinim;d at c:n iI! cxtrrlnr~ A A :I1111 13 13, nIlerr Ihc 
scrli~jns SC? intinilr imtd:~ncr. V;lrying lhr 1.111 -<>ff- ~\.:l\~~trtl~ttl~;. IllC r:i- 

Ii0 Vrnar: rv,,;,, an<1 111~ fin;d impr~l;ltlKs c;lII t3c c-ll:ltI~cil IlCC;lll‘X~ Of IhC 
gy,rnclfy :~mt t:lck l,f ymcr in tllc itl~cction ~rcgion. 111~ vrnss WCI~I~II 01 
ttw wa\ql,iktc is ;Ilmo\t n~rl;itlgdnr al IhC vclinn A !\ I;or I:lrwr lxtii it 
y:jJu:qtt\ ;qss~~mc\ tt,r ~h:~r:lclcri~lic. I’ <hatv 01 lllr lo:l<lr~l uli(lc\. 

I ig .1 llt,tt PI I lhl,\ <.I\II! (Io\\ cnllcm 
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I hv nbillirilllin pr,wm in t’;~w 01 8 ~1~11;~ clwl~odc 111 rtn 1hic.k 

;Illd a,, :11w1~~1:111011 .Ingt<~ 0s /Ie - I6 dq! \\.19 lilllId IO hc Clf IhC Ol.~lcT 01 

IFII k\\’ v;~iit> I lw n>lnifnliw i9 \i~fy l~ro;d, ;IC III,~ alI poww i? tact 31 

Iniwliou. L!IICIC 111v pp :w of lhr 01~lcr or I cm 1 ncct-l:linlic~ in Ihic c?- 

Iinwlc ~311 Iv ~~ll~ih~tlcd lo Ihr v:duv$ of lhr itnpd;~nws :I[ ~liltctcnl c.:lvil> 

vcli011~ (‘~,lir~cl~~c~~ll!,, ~n:~:~h~~f~nw~~l~ on 5implilird ztrttc’lltrcr ha\c twm 

v;uliul 0111 lo clw+ Ihcir \~:dirlily. I~iwvp:wG or ihr order of 2.! .1 dh in 

thr wll:~ix I:itio t1:1w lwm liuln~l. 

I fg 5 ,\ irlwrll:lti(. ~Irabsing of thr ~I.C in c:lllq 

accrtcrdrrg \Irlld~ilr 

~Altll<lrl~ll lll<~ II ,,,I c:,viticv lZI\C \~\1.1:11 ;\dv;lrll:1g”~. not:tl~l~ :1 

\crv hi++ 0 wli~r ( 4110011) and hcwr ;I I:lrgr cwqy g;liu rot a wvcn As- 

\ipliiln. :I Ilid h:unlonic nlllnhcr xi.cli.l;5tion (I1 ~~ ?i li:tT lo hc rid il thr 

ca\ily ii I(> lx rv:35r,rl.rblY hi& Itrrlcc, ;a11 :Itlcrtl:tlirv sr)llllioIl lwd 011 3 

cl:lwi~3l AT .11x1 Illw:tlirlq on YCCOII~ h:~r~nonic ic hr‘ing cxiunincd. A 

tki~lch (11 1131~ 1:~\0111 1% gc\‘<m if1 big. 5 IIcri~lrc Ihc 111, clldic~, srvcral 

CO~P~III~.I~~L~ wl\b;ioi~~ i5tclll ~11.v colipting :ud d;lldlil!) ale yet nccdcd to 

dcc11lv l~Cl\\Ci.!, 111~ I\\0 ~YMT[‘lc 

I hc hlr~ I~.III~c:I~ IIvcierl 

OIIC oi Ilw inltx~~t;~nl f~wv of 11~ lit’1 I \lA Ic;\GbiliIy ciutly 

i< 111~ c IIOKT of tlw tnccll;lnivC~t ~lv~igrl of the \:ICIIII~I dwnlhcr slructurc. 

I)IIC to the ‘I/C :UI~ (ICTI~II (II‘ thr CI-W~~:I~. :w ;wci~ IO tlic ~~mx~whlr part? 
(11 117:~ M~:I~+I~w ([It’ c.~~~tiri. rull:rrtion dw11wl\. tlixwoslicr prohcc.ctc.) 

i\ p~~5~~1tl~~ r711t! 1 i~tt~c:ill> I tr~,cr, :I c ollcrpl or Ihc 1:1~,1111111 I+:ltllbcr con- 

‘;i.tinE 01 :i I:II-y’ <~\lill(ltic;II l~xI\ CI~ICI,YI h\ :I dl\k [Ir;lvrl\iw! thr p~tcc of 

tt,i 111:i~,,(.Iic ‘.VC,<U~.) I1:1r hrn tIq”Iv’l. 

I hv I<)131 11j;ttl on Ihis iftllclrlrc in< lI11l.Y lllc v.r.iphl. Illi, :II- 

Irl<,<phrti<, p~v>.t~~v .~ri~l 1111, uxwrwlic lotcc. \bhirh il :rtx1111 :\n older 01 

Inn,~nil~idc uv:31i’r 111:1rl tllc prr59llrc I)rlr to thr targr r;ldi:11 sII<’ 01 ltlr 

~~:IC~~IIIC. con~i~lrr:~hlc :1x1:11 &q~t:~rr~nrr~t~ xc ohwr\-ccl in 111~ wltcr of the 

((i\(‘r (~c\r~ttc 01 lillitc ctc~llvrll calc~ll;dioll< gii,c 3 m:lxinxllln rlt~llrcIioll Of 

:11>0111 5 ,,,,,,,. I trr1cv. I\\0 ,WS~I 1 C ‘I I . ichrtnrc 1;)~ incir:lcirlg thr rigitlily vl 

111~ m;~( hint ;IIC ~ICCI.IIII~ lxm~p cwmitd 

t 1 :,lt li~,~c\ :~nd ~~wwnl~ arc 10 1~ Ir;illirllilliYl 10 311 ~~Icr11:1t clvlclllrc 

c g 11,~ c(,~,<I~I~~ 5l~iclcling In 1111~ C:IYC. ttlc lq3pcr p;ill 01 lhr I1urhinr lnrl~;l 

1~. ~i.~no~i.~l for- ;I~cc~\‘ IO llw rn;~ch~nr inlctiilt. 

.‘I :I ll~icI~ iron pl,jtt, ic ICI hc pl:,cc~l on Illr (<,p of lllc fll:l$!!lll~t. forming :I 

qy.,,r~,l;rt> \c,kc nl,ic 1, ctllqwrl\ the ;tyial :IIICI tnrlgrnli;lt (irrc?? ;~~li~l!? 011 

ill? wTl<JI ln:1~ll”t~ 111 ;,il<lilivn. Ihi\ pt:,lc ~ontlihll~~ to lhr fictd iti th 
rl,iij pl:ln~. ,ril~l< iin? <tigt~tly 111~ qi/r or 111c ndtitlc. ~t’llr height I>cli!r<m 

11,~. pl;il~ :,,d the I’,IC~III~I rtr;~~nhcr cor~kl 1~ 9llllicirnl l”or :IC’CC~ lo lllc in- 

Ivrn;3l trj:,( tlillc ~~r~t~~lx~ncni~ Ihrfrllgh l;lrg: I1:lll~l.c iu lllc \ GIlI:‘! 7 (‘clrlcC- 

~~1~~11~~. no Itll1n8 6>1 Ihc tn:luwlic qlrlic1111:’ ic wcFxl1!. 

( ~>llii<li~titl~ 11~11 III 11,~ lirql i‘:~w 111~~ tnc(Il.lnic.:ll tlfGdi(! 01 1111, 

Ill.jctlilli. n111\1 in~c>li~~ .I!) xliir 5~vlcn1 u)upl~~l I0 ltw bllililine ~lrllr(rlrc. it 

\(‘I‘I,Ic tt~,t 11~ ‘iuw~~~l colr~liot~. \vith its Il;l\\i\v rigidIt>, is tnorc app~opi- 

;IIC lirr :I hv5pll:ll ~111 it-onlnimt In a,,\ (‘,I?(‘, hcrlh (111 IllCCC corl~‘cpt' Ild 

li~rilrct cl:lhor:llir~n 

Scvrral high rncrgy tight ion nxdic.ll tvujcct~ bawd on cI:w 

sicnl synchrotronr. h:wr hccn propcwd rccw!]y~ (I Ilb+t;\(~. I tIll<i\). I lcncv 

a first approx+ lo cud1 a sc~lrltion hat hrcn tnlti:llcd in coll:~h~~r:~lion I\-itll 

the I .liAII group at (‘I/RN. t’l-ctirninary considu:llionx show Ihat :I rc- 

durrd I I:AI< type (sctalarc) synchlcltron co~~td hc :L rcnlis(ic wlution pro- 

vided 1h:il wrnc more lixx~sing is ntldctl to i19 prcsrnt structwr. Ncvcrthc- 

Irss, due to thr rrqIiirrtl spare for the cxltxction the 5i/c d 1lw nwhinc 

cannot lx kept stndlrr ~hnn a sqtwc 01’ :~hout IS rnrtcrs xitlc. I,urthcr- 

nxwr, n costly il,icctor spslctn is nrcdctl. II~~I!~ cc~mposr~t or an R1T.l 

srclion followed by an Alvnrcr lypc liwtc giving nn outpul tmcrgv of scv- 

cr;rl Mrv’rn~clron ‘I has R Ixgc :d cntwwivc Iruiktinp iy rrquirrd (for cx- 

anlptr, the hrlildirlg costs in Ihr I IIJRA projcrl arc :Ic high :I5 is the coct or 

Ihr ncrrlrrator). I)cspitr thiy tlis;rtlvanl:lgr, d;wsic;ll 5) nrhrcrl~~m5 pwnil iul 

wsy cr~cr:y vari:llion. which may hc (lrGr:lbl~ for hr(lrr ~ru~tncnt plarl- 

ning. 

At lhr hlichigan st;dc I ni\-cl-sit?, It. I%lo\\cr i\ prcvmll! cx- 

plorinp the pu5+itit)i of using :I comtxict ~rlpc~r~orltlII~1irlp ryctotrorl Clh :I 

~loscd yoke. similar to thr KS011 :d KXW rndlincs, :I? R hasi? for a 

mcciid arcclcralor of Gnit;w pcdortn:~nrc as ITI II IL1 A. A rnapct with xl 

rxtcrnal diatnrtcr of’ 5 4 TII :d wcigh(ing :lpproxinutcly 551) tonr h:ts hccn 

propod. Allhough in Illis kid of Inarhinc hcatn cxtrac.lion C;LII hz CX- 

pcctrd to hc quitr twliou~ d, due to lowrr rncrgy gain :11x1 hiphcr map- 

nrtir field, cctl:tinly more tlificutt than in n wp:w;l(r*d ccc‘lor dwign II+ 

altrrnntiw SCC~IS IO hc worth ccrnsidcring, as it Ina> hc cotlri&xd :t’i an 

cxtrapcrlati~~n of cxi~tin~ tcchtwlogy. 

(‘onrtusions 

‘t’lw li:lcihllity study of 111~ ITI II IhlA :wclrl:dor pcrforrncit 

in lhr p19l (wo !r:,rc c.onc.rnt~:ttcd (>n rrvcr,ll irnporl:IIll i55ilcs I>(’ I+tld- 

WI and ph)sicat IjaG? (II‘ tlw projcd. II has hrtm cho\ln 111:tl (1 5ltpiwor,- 

d~lcting vtw:lld odor qclolrrw. b\hitc lilllititlp the Iw5ic rv(t~~i~cnMm~~ iirr 

11~ rt%xmcc os!gtm hc:lnl rrwrg of 401) ZlrV,n :~nd r.\twcfrd hr~lm In- 

Irwily of IO” pp. c:,n Ilxtl IO ;I r-onlp;l~I. cost clTvcli\,t. and ovcratl 

trchnically fcasil+ d&n. Nrvrrfhrlc~c, other td~r~ic.;~l col~ltiotls need to 

hc crxldclrd :wrl lhrir rctativr nwil9 ~\aluald 

/lcknr,\\ Ictlpnvmts 

Wr dqdy acknodcdgc (hc hctpful diccuwiony ~vith I)tc I’ 

I cfcvrc I{. (;i;lnnllli 01, Ilrr po5sihilitics (11 Ill? I 1’1 I’LlA ~~flclII(111otl [I(.- 

sign. 

I, I:111 IM,\ \I’olkslwp w the Ix~ltmli:+l ~:IIII(. of li~hl ion lxun 

tlw:rp~. ItI II< - I2165 I:N, (‘cnlrc~ .Anloirlc I ;w:lw:lgtlc, Nici~. Sov IWX. 

2. ‘I hr Iat It IhI;\ I’rojcc1, (‘cntrc Atltoirlc I n~:~w:ignc, Wicc, (‘crllrc 

<Iv I<rclwrchr ~111 ~‘y~~tolrtrn, I ollvili~~ -- IR ~ Ucuvc. Mrtlir:d Rcccnrch 

(‘ouncit, I vfldo11. Oclohcr 1087 

I .I 1, 1101 rt al.. I’toc. ‘<I II& (‘onl. on (‘~rlulr~v~s ;IIILI lllcir Apt’1 

I crkyo, Uov. 10X6. 

4. I’ Xladtillcu~, I< Odotic xx1 (i. lI~ckri\aC~It. l’rw of tllis (‘onl. 

5. I<. O~tojir, Nld. Inrll. Mrlh.. 27 Ii IORh)\J~ 
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