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At).warl

Several high powcrcxf linii~ designs arc being

considered for various purposes inclu(ling rirdiwrctivc

wirslc trcalmcn[, lriliurn production, and rwutrun faclorics

for mirtcriais studies. Since Lhc fractional bctim Iosscs

must k. in the 10-S U) 10-6 riingc and arc clciuly subjca

to rspcraliomrl vari;lblcs, lhc design cngirwcrs arc forced

to dc’(clop conccp(s which combine maintiiin;d)il ily un(kr

rirrfioac[ivi(y conditions, high tivtiiltibili[y, and very high

rcliirbili[y while dcirl Ing wi!h [hc opcra(ing pulamc!crs

rcsulling t’rx)m (‘W opcmlion.” Scvcrd design sol uliorls U)

.dcctd i)rol)lcnw ilIY mxcntcd.

1, INTROI)[JC’I’ION

A Cotllmorl” fc:illlrc ol lhc Iww cl;iss of hi}dl iH)wcrcd

Iirlilus being c(msl(il’rc(i 101 SUCtl Iil(urc [;l SkS ils
rirdioilctivc Wirsl(’ lrilrlsrll lll;tlit)ll, pll.lloniun]

ncu(rtillz;ilion, [riti urn protlu,.llt)n , (’(c, is (IIC

un])rcccdcn(d pow~’r ~iirrid in [him lJCaIII. A [Yl)iliil

design for :1 1 ( ;cV I)rolor]” Iirl:l( iIL 20(J r~lA i[lll)lv:s ii

IWIIII [m)wcr of 2(N) r])(tgijwiit[s ( ‘W! AI) ]n]lx)r(:ult USk irl

dcsignin[l such ii llr);lc is [() .Sill~’~llilt(! (11(’ t)orctutw I’rol)l

l) Cillll irn~)inglncr!l by c~mfiKurtr)g Iilc rl)m’hir)c wilt] il

lilr[!~ ilpcrtllrc r;i(lo (r:l(lo of lN)rclutx: dl:lrllclcr k) Ir]ls

l~ilrll di:urlc((’r), ‘1”111sinw)lvcs IIw IIW 01 sll~)Il l(wussill}!

Idlticcs l{) [rgh[ly l’orllillrl 111(’ I)ciinl, (h)ul)lcl lo(’ussir)f:,

ml rlllnirr)i/rllf! Ilw Stlll(lllrill v:ui;tllorls, S411(’11il’i Ixm.llrh-c

dlmllc[cr {)1 l;IIII~C ICIIKIII ~llilrl}:~s, A s(-(orl(l hsh lti
{h.slf:nlrlfi 1111sSt)il {)1 Iirlilt’ Is l{) I)rovl(lr :1 rll(’(llmll(:ll

(fcsign which rccugnizcs lhc mirjor mm of

pr)tcnlial opcriitional difficul[ics such as n}ul[ipirck)ring,

RF and vdcuum scul in~cgr:ly, cooling chnnncl durability

irrrd corrosion rcsislancc irs well m arms requiring
relatively high maintenance su (11:11fic-ccssibilily irId
sped of maintcnirncc in rirdioirc[ivc cnvirr)nnWIL$ Ciln hc
properly addrcs.wd,

11, “l’IIf: APT POIN’l° DESIGN Al’ 1.OS
AI.AMOS

Shown in }Jig. 1 is ir block (liugru[li of the 1.OS

Aiwnos design for a high power Iinirc. The sirmc

machine, or onc ck)scl y rclalcd 10 it cirn tw mw4i for wmlc

Ircir[mcnl (A’IW) or conversion” of plu(oniun) (AR(’), WC

KIIII rnirchincs of this [ypc AXY Iiniit’s. The Iinac is

11( ’UVIIY Iw:lr[) Ioil(il’(i (’79’.h) illl(l will C():lslllllc ilboul 470

MVA U) ol~rii[~. It cx)r)sists of [w() 100” IIIA 11+ mjcclor

Itrws feeding ii funrwl iii 20 McV which lx)mbincs the IW()

lN’ilIllS, ‘[11(’ frl’qucncy of opcraliorl” of lhc I<!IJ ilnd i}”l”[.’s

III h’ irtjec[[m lines is 150 Ml lx iil)(t dowllstrcum of III(’
funrlcl tlIC ‘2(M)nlA l~itil) is ii~~t:l(’rilt(’(1 t)y RI: structures

{)lwr:l(in}! iit 7(X) Ml IT,, I{ryImd IIIC funnel !hc ;qx’rtllrv

ril(io is }!ril(lUillly irlCICilSc’(1 IIlrx)ugh lllc Ilridgc (’oul)lc(i

1)’1”1. (11( ’1)’1”1,), il rlcw [yl)c of slril~lurc., ilrl(l irlll) 111(’

(’{)111)1(’(1(“dvily I,irluc ((’(’[,). “1’hc tl[x’rl{lrc r;l[lo lhr{)u~h

IIIC (’(’i wlli~h ~~)ill])riscs Ihc t)(lik {)1 III(’ n)mhllw

Irltlc;lscs 110111 I 1 II) )() 1. 1:{)1 tt)rill)wist)rl, ltlt. :llM’IIIiI~$

IJII() (II 1.AM1’1~, Ih(’ w{)II{I’s II IIISI ~~)w~’rll)l lI!I; K’ l~Ml; Iy IS

(rely (): I

.,. 1 Utltlml

“:”)h //, ,(i ) ,,,,4me
41’

nc[) I I coupled Cnwlly I Illac (ccl )

(r’()(r Mllr) (/00 MlI/, XXI 111A)

Ill/*clOr*
“e’”)m~

~gpl \ I 14 (:011 1 Illlhn
lh)(ll)l,!t I tmlnl{lg

20 MOV lI)OMI}V
II I{)() M,IV

I (] M{IV 1 flllllnl!lw

I 11191
,’1, hoV

I
‘Ill Ill I !,(,,1, [ [11!1) l!!

I

1’1}: I 111}:11 1’(1!!{’1 I Illil, ( ‘011( (III

*w{)lh hlll)l)oll( (I II} i (){, ,~t; II III I,, N, II I{ II I,II I .III(N:II(II} 1’10}1,1,1111 t h \{.l(q)III, III, 111)11{.I III(. ,111.\l)I, (, of 111(, ~ 11111(.(1 ‘; I, I({. I

1 h’l),lltlll(’111 !)1 Illtv}:y



111. ENGINEERING SO1.lJTIONS
DEVELOPED IN THE AM DESIGN FOR

HIGI I POWERED STRUCH-JRES:

A) lnnovctive Acceler(lting .S[ruclurc.s
In order to bc able to usc IiMQ’s in tic I) T1.s, a high

energy RFQ was required. A design w&s dcvclofxd for a
rnulti-scctioncd R[2Q 10 oixxac M 7 McV (rcl. l). This H
Inchx long unit actually functions as four indcpcrrdcn[ 2
meter long RFQs thcrct)y avoiding mode intcrlcrcrwc
problems.

The olhcr ncw swuclurc is the BCDT1. which is a
muluplc wrk DTL wilb quadrupolc doubicl (ocussing in
ihc intcrwrk spticcs much Iikc a bridge coui>lcd CCi..
‘i’hc BCL>Ti. bas i:~rgc ai)crwrrcs a( higl~ i’rcqucncy ii[){i

soivcs many fabrictilion and oi)crulionui i)robicms

associated wilb CCI.S tit iow energy (rcls. 2 & ~).

B) I{ddiu[iorr llurdening
ilccilusc of lhc polcnliill for neutron d~nmgc t{)

malcriais, csscntiaily ilii (IIC qua(lrui)oics in (IIC A’i%’
ix)im rfcsign arc EMQ’s wIlh rtidiii[ion rwislimt irotting ()!’
(IIC field coiis. The Wchniquc i)roi)oscd is shown in

I:ig. ‘2a-c. m coils arc coirlcd widl i} giws fril ct)lni)ound,

fi[cd 10 pr{)ducc a gklss CoiltCd surl’mw and lhc!n ix)t[cd ill
caicium fiiumirlntc Ccmcnl (rcf 4). ill ti(idtlio(., qu:lds ilrC
(Icsignc(i with d~n~ount;d)il” yok~s s() (IIC L’OIIS ~iill 1~
r(illovcd if Iwl-cssiwy,

Ktidiiitiol] Iuwdcning oi (1]{: vi~~(l~l[li s~i~is iIIId knil’c

c(lgc slyic RIJ SCiriS iirl: C.\ SCIII iii] in iIII A’1’W Iy]}c
ulxhinc. Wc used Ik t icilcoilcx Will (“or 1110s1ViiCUUlll

ci~)surcs. Nlosl 01 [Ill’ 1iclic{)lh’x tWillI)iillC S<’ilis ilrC USC(1

III L$onjilnc[ioil” wi[ll liciicx)llcx Q(llck l“h~rs WI IICII ~illl

h’ rCll!i\Sd Ulld .W’ill(’(i llolil ljlC iii!;iC side 01”lh~ lll;l~bitw

wi(h il sin~ic ilir drive screw. ‘i’{) WNlll(’ hi@ RI lll:~”}V;”V,

111(’1{1: ,j)lnts lhroUghl)lll IIIOSI of” (tl(’ Illil(’llill(’ ilI1’ kill:

C(lfiCS usilli: ii n)(xlifwd { ‘OIlfiil[ Coll(’1”])( l)il(’kt~(l 11]) Ily illl

In(lcpcll(icnl }Icil(’{)iicx Sc:ll (’Ilciosr(l Ill fil(’ Sllll(’ Iiilll}!c

])ilir(l;ig, {).

i:lp,,):1 ( )11(’01 {W’(I ( ()]!]M’I 011$111:11
, (!IIII)IIU. it ,,,1:1(1111])(11(.Ill; l}),ll(’1 III){(’

(I II NIIII]M)I(’ C(lllllllln il(’’~l(’(!Wlll!llll}!,

:111111111111111Wl:lll

l;ig. {. l;lilll~C i~sign.

C“)Moduidrizd[i{M
AI’W is lllod[liiiri/.~d iis iiius[rilt(sd if! I:ig. 4. ‘i’h~

irn)inl design c(mmilw 401 III(Mluics 01 tn)lll 11( ’i) ’i’i. irnd
(’(’1. types requiring ’366 1 IVIW kiys[rons.

M(Niuiarix.titlOn I)r{’:lks dw iin;il’ into nuu):igc:d)ic Icng(hs

for vacuum clwckoljl ii(l(i ills[r(lillc.lltiitior], ‘i’hc III(XIIIICS
illl’. ])rCilSS1.’ llll)l(”(i Ill dlC I:lb. iliigll( ’(1 illl(i (’IK’<’LC(I OUI i’01

VilCUUlll, cooiing illl(~ RI: Integrity. ‘~”111’y Llrr ltl~’11

lliUIS]M)rtCd U) IIIC lUllllCi illl(! lllSLlikd 01) .3ix)inl Slll)l)(lll

111011111S illd iliigIIUi 10 lhC (UllllCi iliiglllllClll SySIClll. “i ‘“’

Innllhc bcight is i .4”1 II) CICIS which nti~k~s (tic Iwxluhss

convcnithnl U) work 011, Most rssrll[i;ll co Ini MMIvn Is :Irc

il(’CCSSitli C 11011} Ilk’ ;ll SiC side, inclu(llnx (IIC llcll)S 1110S1

likciy ([) need l])ilillt($ll;~ll{(’, i.:, 11)~ 1o11 I) II III])S illl(l

lM’illllilll{’ 1’OIII]M)IICIIIS S111’11 ilS dl;l}!llosli( (I(wircs l(K’dlL’(f

ill IIIC )11[(’i[;ll)k ~])i~(’(’s. i~l}: s shows ii lv~)ll’:li (ioubl(’[

I):lir 1110111)([9([ il~ II lll(Ml(liC (Ml IW() ])!(’(’1S1011 illl(’:11 lilllS Ill

111(’ inlc Il:lnk ~::l])S. i?l:l\!lloSllL”s, t~vjlow~, 1~(’:llllilllC

Vil(’1111111 \’ili V(’S illt(l [lilll/!C\ ill(’ ]1;1[1 01 1111S Illo(illl;ll

b

II): .’11 Itl,llll(’11’(1 ([11,1 (1111 [)01(” ( (Ill ii}: .’< Ill, .Ill’illl<lll’tl

(011
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II}!. 5. Mtxlul;u [)(ml~htt

ilSSClllllly. ‘1’11(’ (IO IIIJI(’I I)illf is L’1111(’dlly illl}!ll(’(1 [(’l;lll\’C

10 IIIL’ liI)c:lI rillls S() Itlil[ Wtl(’11 [11(’ IllIll 1(’(1(1111’S SC IV I(’111}:

II l’illl tM’ rclllov(’(1 (’;1S11)/ ikl)(l !1101111((’(1 011 ;1 \llllll:ll S(S1 01

Iilil S Ill lllC lilt) ;111(1 [11(’11 1)1(’ ;lll~ll(’(1 1)1101 10 I(’ lllS1:lll<l[l O1)

I)() Ilw Iw:llilllllc will N)IIl [tic INS(S(I for II II;II :111} :11111(’11[ 011

Illw,

/)) ( “(l ftl[}ofl(Vli ( ‘oll,\( ({ f31(JlloIl,\”

Ill III(’ A’I’W ~)oll)l (h’\ II:Il lil(’ (iIItl lIIt)(’s W(’1{’

(ksl$:llc(l 101 (’ll:my, t’(1111 Ull(lcf I)(llcllllillly :1( IIvil[(’(!

(’()[1[!1[1()11s hy 111+111111}: (11(’ 111 011 ~,11(1(’lh :l\ ‘i Ilowll Ill 1’1}’,

f), ‘IIIC (1111[ Iltl)(’ IS “llill(l 1111)11111<’(1”, (\(’ill\’{l) I)y II \lll}:l(l

1)01111 1{1 hllll(’ (’(1}:(’ :111(1 }l.!(’h (’(1 11[) by ;1 \llvrl 1)1,11($(1

11(’11(’ot[(”l V;I( (111111 !>(’;II AI I}! IIIII{’111 1> ( 11[1(’dlly \I’1 II}

ill\.ilIl\ oi ;1 wili(,f \()()i\, (l, 11(.;lk’y fl(l:l, ( \ ()[)11(’1 11(, X

111[’llllllilll(’ W’111( II l\ \ll(’*\\( ’(1, Yl(’1(1(”(1 ;111(1 \Volh IIill(l[.llt, (l

Ill [11(’ 1)1(1((’!.. “1”111’)111(’ lllo(l 01 11;11{1 \l)t L(.1111/: l\

11{’((.~,wlly 10 l\llll$;l; lll(l (’w 1{111( ’:11111}: II 111( Lllll(. (.(1}!(,

01 \,; l( 111111) \($; ll W( l,’ 10 1;111, 111(’ ~ll(l!’1 \ (!111(1 II! 1(. II IOV(,(I

(101!) 1111’ 1111111(1 ;111(! W’(lib (101}(. 011 It){’ Iilll(’(1 (1111{ Illlh

[’tl(” A1’1 (’(’[ l\ ;1 )()() hill/ ( ;lVll~ ., Y\l(III Wlll(t I I\

\I/(’(1 I(I III 1111() (’k I\ II II}: hv(l I(I}:r II 111,1/111}: I;I( 11111,*~, A

1(1<1101 (011( (*III l\ 111(’ U,ll(’lill !.(’1(.( 11011 ()( 111,1/(, ,lll(l\i It)

.Iv{)lll }!ill\Nll( ( (111(1’>11~11:11011): III(’ ( ()()111!)’ ( 11:111(1!’1 I(IIIII,J

111(’ I’XI(’1 11:11111,11111(11(1111}:111,11\ll[}llllt’\ 111(’(( MIIII I), 1.. ;11!)

( 1111(:11,,111(1’ II \\Ill t .Illv l;llll!t; l(ll\! \\,ll (’1 \\lll( II (:11) 11(11

Irilh 11110 Ill! 1111111(’1 [11 Ill,’ AI*1 (1(!1}.,11 \\(. 114(1 111},11

\,;ll 1111111(\f( ‘1{ ) \\,ll(.1 1111111}:,, l.\(,ly\\ll[,l[

1 ) Ilitlll,l ( ‘,lti!l,l,’l,lll, ill!

i 11(’ 1111,11111,1101, I)ll,l(l(l; ltloll 1,)1 Ilk ,1,, >1}:111,, ,)1

A\ ’I’ ,,lyl(’ !111,1( ‘, 1, ltl(’ lM,llllllllf !111111( I 11<,(11 l\(II

u

L ,JJJ,.,.r----:u!:.!.,+. ,
f:ig. (). (ii[dct Moui:ld I)rlll ‘1 utws

though my giv(’n (lcsig:l will alwiIys iissunic hands-on
IIIUII1lCII:IIICC ilS (IIC d(!SlgIl ~oiil 011(1 111(! physics will

iil W~y S lllil Xillll/. C SUCh l)ill”illll1’6L’r S MS “illl.’rlU [L’ r:i[i o”, OIIV

nlusl diw:!ys consider fulurc (’lldngcs in personl]~,[

c’xi):)surc Iili)lls, ill)[:orlllili oiwrilliofl” 01 lIIL} IIlxllinc or

dCgril(l~iiofl, f;or lIICSC rCilSoll$ 1[ IS wiw to iliioW for h’
i)r)ssii)llily of ~CIIlo(C lllilll’!CllilllL’(S, “i’W() nt;lJor 11’il[Ur(’S

m lll~orporiltl’d” in our A’l”W ix)inl (Icsign. ( MC is 11)(’usr
()( r:dio (olllrf)lic(i I)ridgc l’rillll. S Ill IIIC 1111111(’I 10 L’ilrry

SUr VCl~iJll( C t)()()lll S ilS ;ill il(~Jlllll’[ 10 ltlC norll)ai
workhors~.” II III UIIOI1, ‘I’hc olhc’I 1(’; IIUICS IS il III III ICI

sl)mIiIus L’IIOIIy,h 10 ;iilow ii 111}:11 l)c Ilo IIi Ii IIK.c rcn}ok,

111:11111(’II; IIIC(’ lIl;l’il(’rhiilVC Scr V() In:lrlll)ul;)lor sysl(.111 10

woIk, ( )IIC SU(II sysk’111 IS MA f’J”i’lS, IISC(I :11(“1.KN,

IV. (’ON(I, (I SI(:NS

“il)c lM)IIIId(’M~:II 10[ III(. 1,os AI; IIII<H /l’i’W’ II II;I( lI;I\

lx(l) (I)n(lcvrxl II) Iw IwlIi IIIOII Ilortl{’ll(xl III hl)It{s{)1 IIS
(’ill (’l Ill d{’\l}:ll 10[ (%[1(’111(’iy low IM’:1111 I{):.\, “1’11(’ Ils(” 01

lll(wllll:l I1/:ltl(lll, WI( ;,llj:ll,ll~ qlmlllli)ol[. (10(11 )1(,[s ;111(1

(’:lsy :ll\l(’ Sl(l(’ Ill; lllll(’ll; l’, i (’ ;I(l.li)f,lld(’ 10 1( ’lllol(” W’lvl(’111}:

lld\ 1)(’(’11 [)1011101 (’(1” Ill ;Illll(’ll):ll loll 01 11)os1 01 {11(.

Illilll ll!’llilll( ’(’ lMold(’ill\ W(. ( ;111 I(llwl’

~~ l<i;,ll{l{l:N(’lS

[ I I 1’,11)(1 l)} [ Ioy(! }’(11111}: 011 111),11(ll(l},,y 1?1(,), l,) 1)($

1/1(’’!l’1)l(’(1 ill llll\ t (,111 (’!:’ 11((’”

1,’1 ~l~”~tl:llll~ ,11 I ~’,llllf~” ~~1 ,1 ;(M) l\lll/ Ilfltll:[’ ( “I)lli)l(’11

1)1111 1111}(’ I 11101, , 1) I l\h,l, (. I 411 I’J’),’ ~ Iil(.jll

A(((I(I; IIOI (’0111 (,1( .11{(, I’1{) {(’(11111},., (Ill:lwil,

( )111;1110, ( ‘;lll,l(idl, 1)~1 Its l’~(1

[ II 1),,1,!() ,111,1 },1111(11,, [,,,11 ,,1 ,1 1{11,1}, ( (’,111111,.11 1)11

\lll!{lllli 1/ (;.11111’11, (’1 .I1 l’)’),’ I 111(.,11

,\(, ll(’1,11,11 (’(lllf([,l)i(, l’1 11, (,,1111 ),,, t)ll! l\\,\

( )111,11 i,), ( ‘,11,,1,141, Ill) S() ‘ !{01

l.!] I<,l(ll,lll,ltl I{,,l!l,llll Ill, ,1~1 111,111,111 I(1I I l,, It!l(ll,l)ll(l

I 11’1(1 ( ‘(III, 1: I{ I,IL(, 1( (;II l), ),!., I ( ;.1, ,\llll’ll\ ,111

( ‘! I, II III( ‘)(1( 1(’l\ I{llil (’1111, \’ Ill (11 P411 x AI 1}:1 I’LI
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