
STTJllY OF A FOIJR-ROD RFQ STRUCT?.JRE A’1‘ ,:70 RlTrZ- 

Rrza liazirni, 1;. II. Hllsc,rr, and \I’. \\‘. I\l:t~.liir> 

Ibpart,mt=nt of PhyFirs, Tcua5 AX-L1 1lnivuGt>- and Tesn< ;\,,I vlt>l ato? (‘t~lltrr 

TAC!, 4802 Research Forest Dr., Building 2, Thr \\~<lodlan((~. ‘I‘\ ;73Xl 

and 

A. Nassiri 

1.niversity of Houston and Tesas ..jccvlcratr,l- (‘rnir: 

TAC, .I802 Rrwarch Forrst Dr.. Building 2, ‘me \~~ll~~dlarldi. ‘T‘S ;;m1 

Abst,rnct The 470 MHz Strllrt,ttrr 

‘I he four rod RPL2 strllrtllre. (rrigirlally i]~~-~lop)rd al l‘rnl,]c 

flirt. is a \-iahlP altrrrlativc tr, t11c> f,r,n- \-all<’ it,.,,,.t,1r,-. ‘I‘ll,, fl,,lr 

rod strllctllrf> is rasicr to const,rIIv! iltlcl Iri;>irltiji,t. .\]~i (]I,, 1~~1 

xantd dipnIp m&r is not a prc>hlcm since thr r,pltc>sitc u,,t% ;?r,’ 
ronnrctrr1 l)V the rnd slrp[,ort strut-t ,,I.“ ll~n~-c~\-f~~. fllii 51 Cl,1 ,111,’ 
has ilot lwelr studiwl t~.xtr~nsivcl~- for f1-~~cllj~~il~ if’9 ~ll,l(.l, al,Slt ,, ?()(I 

hIT<z.. 11% h8wW dtWhJ,“d a f01,r rr,r: <a\-it>- d<‘+,j ,,],i<,], ,;,,, 

rrsonatr~ at highrr frrqllcnries. In this pa,“” ,t-r ,“““vn, 011, 
dPl‘riFli for a 3~~1AlIlz st,rrlrturc allrl Sll(,ii. ,r-,,lt: I,f (. o,,,,,,,,, 1, 

siirllllirtion using the LlilF1.l C~V]VS. 

Introdllction 

‘]‘]lr r:lc]im frc=q~~enc) qliacirllpr~lr’ is IIc,lV tile, 11105l ftl\ 111CtI 

111~1 lir,cl fc>r IOK c-~~txrg~- acwlrrat ic,:~ nn~l l)nllr.l~irlg uf 1x11 Ii liglll 

and hrarv li)n Iwanw. i\m~tng diKcrmt RFQ 5tr~1ci,1I~‘5. 111~ 

~~IaIlkhlrt. h1r rod drsiglL* 11ai lhc, ild\;lr!lh~l~ or hillqh C’OII 

strurt ion and twttw firld q”alit,y. f3~ illi rr)rltle.irlg srnnll vii-ii1 

tions intr, tllv Fralikfllrt gconlrtry ;lllrl rc’J)la~ irlg tit? “I”’ sll:ll)<‘(I 

jltyport!: with rvlindri<~al cavitir-7. x1-c havr~ hw11 ahlr, frr RG.lli<.l(’ 

higher frrqllf=rlcir,s f<!r a rvwnablr ca\-ity 532?’ (Fig. 1). l’llc, Ix- 

5;~: ,lrlit ct’]l ccbniisls c,f a I-ylilldc-r Ir-it11 l!r-0 <,ll(l lill)i \vlri<II ilVr 

c,,n~~wtrd tr, the four rc~ds; eat11 rntl c’ap i? ~01~11~v~l~v1 1’1 t\:~s 

~pp~~,sing rc,ds. l’hf- stntct~urr is rr~r~l~~ 11,) <d R H<.l.iC’ IIf >lll.h V/llli 

,,est to mch othr~r. This strll(.tllfc wlain? inane- vli.t,,‘Y *If III<. 

rCglLi;tr fi)l:r~rod strllctllrl~. For rXiltllJ~l*~ ripJ)oiitc~ I-ofli r\lr’ G 01 

~irctcyl to tarh other rliminating th-7 tli+ l,r<lllr. :\lw,. Cili!.‘, 

thr firsIris arc’ c-r,nfiri<%d xitllin !lrr, cariii1.i. llli- ‘ii1.11, Iljl(’ I’illl l1l, 

p111 to~cth~T ailfi twcvl l,fsft,rc- it il: il~ic~rti~il ilit0 ilrc \rlIbIiiIii 

vc5wl. 

In nrdcr to simplify t,hc constrllrtioll. \yp have (.hal>~r‘<I lllr 

rnd platrs from a cirnllnr shape to n 6(111:1re‘ Ella]~~~. a’: <><,‘1V11 

in figure 2. In this way the struri11r<* will con<iL;l <,f a w-~~I’c <IF 

squaw plates supporting the follr r<)ds alid hallr 11111j: lm 1 arlxlll:rl 

plates nc+king the foltr sidrs of tll+s ptrll(.t1lrr. ‘l‘ll<, IX)~~~CVG <if tllr- 

r;lr-jti<,s h;i\-e hcen left c,prn to prc>\-itll, accc~- IO 111t1 roci~:. I I\<, 

wason 11-r can dr> this arc: First,. thc~ ilia~;,,r~nl ~>lilt~~~~ K<lilly: 

thro~lgh the opposing mrner:: arc thl, s:,-nlnlrt ry l’tarlT7q fd l!lP 

structnrt’; thereforr, thrrr shmtld lw no r-nrr~xrlt~ ~.r~o+il~c tl11-~v 

planes, or in other \vards. tllr 17 fic]<I ii p~r~~vu(I~< 11lilt tlI 111/,\0 

planrs. Secor~d. the ii&Is are \wak at 111~ cor,,,‘rs. SIB Iw\-iilp 

the corners oprn should not apprwiaM!- ch;lngt- the I‘C~Oililll~‘~‘ 

frequency or the Q. Fig 3 shows thr magnelir~ fit-Id for n CI ass 

section at the middle of a cell (z i”“2.) sh,,~\-~rl~ tl1;11 II is 

negly+hle at the corners. 

‘I-hr actual shape of a ri,rl will1 ri~lilirl lipi i\ &ll:!!I 111 fig- 

ure 2; ho\vcver, tht->- serf rcplnred l\-it 11 a sirnplrr 5hillw. 711orv 

acceptahlql tct mp4h grncration ir: lllr \I.\Fl:‘\ cl~<lvLI. ‘I‘llf~ ,‘rl 

pacitancrs of both shapes where chcrkrd I)\- ttir- (‘:\f’ l>~~>g~~:*~~, 

which we haye developwl by simple rl#rdifie.atigulh trb I Jic- POIS- 

SON rodr. ‘I’he rrlativr diffr~rr~nrc in ihr, tier> cal);\( il;iil<-r., xvi\’ 

ahout O.lso, as shoxn 1,~ FIR. 4. 

‘[i,l,lC I: t’wl;lrrl\~lf’r. ill It/t, Icl-r! 

:\ sirl-!plr for*l,,l]ii~ wlatrs tl,? iC~~~,,ii,1~“‘ fWl11Pll~~ 10 tht- 

geometrical charartwistirs of a unit cell: 

1 f.. 

[ 1 
1:2 1 (1) 

2X!!. !( c 2’](‘17. 111 2 

r~-]jfy Cy7. ii thfa cnpacitanr~ of 0~6, f(~ut rods per nnit Icn~i II. r ii 

the ]rngth r,f thr cell, T is the thickness of rntl pla!r>. li> is III<‘ 

radius of ttrc, I.ZlVii \‘. avrl Ii, ran tr x-i ~ir,v! a.5 ttlv ( ITwlix~ lil(lill~ 

(,f tl,‘, C,),,,ili,lf’d fi,,ll n,ri asicml,l~~. \\-c hRT(. II,arl*~ va1l.!ilntl~~l1- 

llsirre tile* hi!\ I’l:\ u,ti~~’ , and 1~ c~hatlging rIiIfvrr~l11 1x1r;1ln~‘l f’u 5. 

(.+)tifi~.,l~~~(] thr lmsir- r*~lati<>lliltij, ahor-c,. 1\101(~0\.*‘1. 1 tIv 11 ~llltz 

<,f hli~I’Ii\ ~~iilrlllations agrw rIi!ir%ly with a coiq] rw(lr’l ioI :) 

4(‘1; 1113?, St ril~~t 11rc. \Z’t!r*n &signing, \w ,ISV tllr, rrlill ii~l~*I~il) 

c If rq,,“tiorl 1 10 g11idc ,is in adjllslirlg 1111~ pilr”lnf‘t~~l-~ <II ill‘, 

~l,ructtl~t*. ‘Ttrr~ final rwlllts art’ !hr~n ctht;lincd usi!li; ;?l.\l~ I \. IIt 

tl:.- rp-;i <,f tl,c, p:tp,‘r wt. will disc-115s lllr rh.iign of a 1W 1llli 

strnctllrr. for an T] 11Fc.l. 
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rl’hP rc,tls ax attnrhrti to illf~ pIa!‘? II\ “I,” sllal”Yl JII)l<Il’ILI 

a.5 shown in Fie. i. ‘This w-ill inrrenw !IIC surface fur- If jrnnts. 

anti thlls d~crrase the cnrrpnl density 011 tllra r1)1i5 :wit~ tlie ,~IIIII~P. 

in addilir)n, sinre these hc~ltirrs are lofated iu higli fir,l(t rryiorls. 

by making small rhangw in their shapes. WC rz:ll Aanqr- the 

res~>nant frPqwn(‘~, Thereforr thpy 1-0111d scrvc itis thv trlrrvr 

E,r ttw lasl f?lV 1\1Hz. our RFQ l ‘i ,d, lIllc~trT5 ;I1141 IllV 1e.1111’ <,I- 

ILIAFIA calculations aw linte(l ill TilllIe 1. 

Modification of the End Cells 

KOIY Ivt 115 vo1Isilict. ihr~ livl,li ju:st Ib~f~,i~r (-111 (11 il:g lli~ ~~I.II<. 

tllw. S;nre thorns is n,l rnagrlr‘lir ficlci ri~~tii(lc~ tlic- wlli. 111*>1,, i, 

nr3 potc~llial tliffr7rrrct~ Iwtwm7l ihrs tni, roili 81 t ;~r.llr~l 1s) lllr~ liisi 

plate antI ttlr olllsirli~ ~y.i~rlrl. In rdhcr 7~or(15 tlw) arr groll~~rlt~rl. 

Ho\\-rvrr. the othv I\XO rod< ~ttaclled t (9 the Wl~lld piair. ,!liil-/l 

is loratrd at the inif-r-fact Iw1ww~~ tllv liwl tlr-<I wlls. a7v flqrilt 

ing at !- rcsdf, whr~w I- is thr ma~ilt~l~ril uAtag’. hcl~vw~~ t\~i, 

adjacent rr~r!s (t\-pir-all!- 1 a )ollt lOOkI’.) f>i>r *‘xitlltpif’, a parti- 

cle out of thr io11 w111<‘~ sws two r)f thr ~otis at z(-ro p~ttnti:~I 

and thr other two at l.vu~~(uf, giving a nr>t poirntial (IifTrl~rn(c 

of ‘2 rcewf twtxvwn the ion 51)urw arlrl tlls> RFQ. ‘1;) holx~ this 

prot)IRm lvv haxr alirir,rl i3 snril!l singlr gal’ saYit!- iit ll~r rnlranc~~ 

of the strurtuw (3~‘ Fig. 5). ‘l’hc funrti~~n of this vil\it!- i- 10 “l> 

crate in tile ‘r‘r~l rt~oil~ an<l produr- iill t,l~~.i rir fir>l(l rff 1 01. L,: 

to romjtrn<iit~r for ttrc- charigr in the potrnlial. This vstr;r r3:itl 

makes the t\vr, r<~ds (xrnnrct~-(l t<) the- firsi /Aittv ha\-<% ij \c>lt;lFv 

??qual to 1’ i cc~df, nnil prr)duc-65 a Iwt potcnlial r~f zc,x, ill,in~ 

the <axis iron1 tllr i<,l\ v,,~~I.P to the 111X). ‘I.<, Irrakc tlli~ <-\i ri, 

ravit)- op~ratr~ af tltc riglbt pltasr (to fnakr F~TC that it s~~l~t~~ar~l:. 

and not arid thi, k- c’t~~k-f,) tb two opp<biI.t- corners of 111~ fir51 

plate have hrvw oprnr(i wider t,rj let the nlagrlr~liv firid r.<vrrplc 

thr sing]? gal, ,‘a: ity 10 thr first ccl1 of tlir ItJ;Q. ‘I‘hc rc*s~>narlt 

frrqumry is kept cclnstant hy decreasing thr lrngt h of tlte f&l 

cell in the RFQ structure- from 5.-lrm to 5.Ocln. 

Thp sam’ soluti~ul I-wld tw usc~l for the ot hrr en,1 of illr 

RFQ: ho\vever al higher t?Ilcrpy xith it lwnrhcrl htam, oov ma! 

nr may not care aJ>out s:llall fluctllat,ions. Table 2 lists thr pa- 

rarnrtcfs for t!lf silnglr gal’ cavity 

J~~kbbf 2: I)inlrrlii<,ns ,bf ihv qingle fiaI> ~;I\-I$! 

length :xs~-IIl 

size of the gap 0.3~.111 

inner aperf.urr 2.rn 111 

/IlIter apt-rtrm I).IW 111 

Conclllsion 

IV? have drveloped a sirnplr design coml)irrillg ~1 fo111 rrj,i 

RFQ with a cavity structure fur use at ~170 hlllz. \\‘t- IM:~, illoi\.~~ 

using hIAFIA that, a singIT gap Cal-it>- at tlte f~r)nt ~,IIA W/I VY~II~.I~ 

the entrancr po!pntial seen lq tht, hv;rlll to a wgli<iI,l~~ Ii,\ (.I. 
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FigtIre 2: The ‘1’iO hfftz RFQ. 
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Figuw 3: Plot cd R for constant z at thp crntr~r of a wll. 

Figure 4: a) Actual rod shap. b) Shap as inp1i 10 hl.\l‘f.\ 
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Figure 5: The mm wctioll of thr, RFQ 1 i; Icbwilrg thr. 5irlglr3 gii\~ 

cavity in front of t,hc RF’Q. 
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