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Abstract 

.* t I:‘,;.j ,,-I: ’ ,“f,,-+ _,/, ,z. : ~~~;~?~.i #o- t.ie irll+xjt II 2:.~iitr-irl~) ,irc 

,i iI i ,-,,,-‘,-,,>I, -, :, t-il-,,J iil!~:I i”j ,G ,.r ii>< 0 f f j.: I i 5.~. ii <: 

, ,,*j, -_-,,t, ,/- /I i-,,‘,‘.-+,‘.:‘I :;,.,:!,l.az~~ > I ,CV,,~ ‘: t 11 ,.i . t Lli’ 

-i.t:r,:ls., -lrt.:., s,r, ,J s,i, ti.3 caper ,it+c dt lb.,<., ir-cq”~:” \’ ior- 

l/lb I’ ,,I.., ,/,L,’ ,+ i I +- 2 v ‘; i ki r I ‘J d, : t ’ 1:)’ ,atf ic i.:-ri; !‘, 

I’ ‘8 ,rii ,‘N! ,i;,_, i, .f.,ci r iqiiilty 2nd is :j~4’.*.it~l.:~ ir-iaclJ~?r,, y l-hta 

,h,,it~ir /, at -’ /, ‘,*I lrl-tli~-i., 1-f prN.-!p”l-t;i>, J1c *VY/ j’% ::i’illIl 

Jy, .11,1,’ r ilc-i~l ition cl{ d ;:mrcr? type RF0 -it :‘C bbdtlr f43r K+ 

5, ; ,l/, .:,,_A 

r- tr-yjsi. I iivi 

‘Il. It’: &I>‘, ,/,’ ‘, I,1 I ~li)‘i 1’_‘~ ..)I I“ ,1.1, .F,l/’ ‘~iI!. j.,lllli’.l’,(.‘li Iii’ 

i. //’ Jr, >,*I), !N,.j I”,+,,:i i .,i Y_i.‘.l’ 2 I 7-1 :’ II c 1-1’ sm / ,‘Iy ti,yti*vi d”itli 

/m I., ,I i.,., .r. ‘Q?i? ,i’ I ?\Ill I ‘_,ir,N j. tbr tlw F??iC.J -il2. 

t I, ‘, I II, :I, ,j Ilj ,i~!L.r,rji~ ,-;,i.’ A; ,ir ,,r:~.‘,~,-~rj ,,t-, k,l-,;r-Pi-. ‘It ,w ., 
‘I ,ry, ,>t 318% ( s3r trb~, ,I,) I) ,f~,l tl( is i+jt iti. lir,ti! iIri:-, 

” IL), *t -, ,-,i t ..t-im, r,t*r-:c..: ICI thi u5-- ): +.t,,y k,vs, c :. +i,f i(x) 

irr lilli it I: irhl i::i’i t,,Ii t,i-,i,rf:, itabs Ilk.: iw, iorl Nil: ,i’., ikc2ll 

>I ,,s I [!/I,, 18) ~I,-~ 11:. /-,hP.,‘~-~il ,‘,I.,, ,,,I:,) If/i lc.,:v *i:I>.it.y 

81 .I<:,, ,,#/I ,, I/I,, I// ,j<;v ,I>,, fiFc; r, I’ + pnt+ ,it i_ ~$,‘i’ f~-rq~enc:ii:,, 

:, /<./ 1, tb il:,jt :.‘,I Ill ,,lj,,t,il~l;, t!tl+ 3:~ ,l ‘/,-r-i, 2’ tjl iy. r-~oi 

,t 1 Ii tm, ,-I I .I ,It+ lli=~:I~.‘~,, J,?L. ik -‘;Y r tw i ‘t.‘,:l mc.\, 0 i 

:r 18jwi !-..i.~ !h.l f.11 I,,, tl, c iiii,: :th, Ili,irri t4 r tm>- !t r, ,..wb4iu, 

,.,I’, ,, II 1811 1’8 1’i8 ,3 I ’ ,N, , !t IS, /rt/~iio,; I’ r- -, 
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,,I ’ (I/,‘, / Iij~,~,.i,w , tlbc a. iv\,S> /,tl’* -yj”i’, 01 ‘?I-‘-~>-,, 

Ill t) !‘., ,, ;t it,,. ir, ,il j-,l.w i’;’ 1-b ,-, ,, ,,; ,/ r1 ,,“,t-‘y ~I,.. ‘1 -I<, .,j 

II :+ L’ll ,I .,I #j. 1 :+ t ,I, II,,, I ,I/ 1, 1, if,l.‘.,14 ?tlii 

it 8, 181 : .s :x .!I ‘,/ <; .,t t ;’ ., 

;t,v .I I.‘# ,I t+, 8, -,::I my/ 1 /“‘, 8.f ~,q.r:.,‘:‘i,,,~~ Ltk;,““. ,‘!“I :/l/1 

prr #, J.,, , <j / ,m,t I,,, :i:,, .I:,,./ 1, -/ ‘.*,‘t,-,i s., I’,,., \.,I( 

11 ,I ,,!:I, I,, tit-l81 .‘bs c ,~.~l~r.~j (11 I 1~t!4)8, OIL, b mqqcv’t~iim~ sat- rxv. 

L, ,.I ?,I’,.~ St , ! ,rI”lk+llr: .:-it,,: 11 ‘<’ -PI ,,.tlll-P 

* 
I [ ‘i _#I t,, II ,/’ :t,,:thf !I ‘>, /“’ /’ :m 4rl~ii:l.t I-It I”// L3. 

j. / I /  1, I  7 ‘on~j, :/,P ,.1- ~'0cl my i:,!rb PIP w~-,ily r-m+ iii ;q.m-:~ t i:’ rit 

b i.- ij :-/I- .!’ oi*, ireqirrr?r:~y n 3 !?,.SLl RFC swt- c * :-,trq!l: st.srni b! ii 

i, i?i; ,P,II^V of x12 iilli‘! i h3 ., ~,i,~-<-~=~~rfully acce ectc3 ii 35 rnA 

t-i- t,t?‘al-l at CK3.i”. FF’CJ I ~/~~:w~, 3 x!~tm~ ot this stwc tur’c?. Thr 

,I,,=l-,-l+.ir~,:4 +,F~;~~~,~T,,.~ &.,: t/,~. ,1 Rn! K-t.) 4-a’ tw ~-d.~ced ii tt’r 

i.tr diqh’. s!ems zr-c siibtitutc: Lyi!h 07p :.onillicio~-i EY‘mplis 

,=1-p tip ::::i,a 4 Et.,,.i TiFtJ I:wc~;~I;,~?P;I it is-,il?kfu* t ; .ti .3rlLi l..~,Nl” 

~:r,r,,~>ar-<:rl to a- \‘<ir,,: :>trurt~t.-e~ thP resonatcr- of thr: 4- R::d 

/!I !J :, IiLt :i: ‘v ‘w?lly 11,111 fa t:iI?ll. !Qi :t III I! ,.m ,r~,~~l/ 1-j t,., 

:.rjjit;t ‘,I? fr aqt~er-hy fcnr tlhp variation rOf the ii’rl :-i?t?-~>y Cc1 

t;\,- ,121, i:,l[.h”t‘li. ILill IO. 1 I 

li,i. ‘*r! ri ttw ir-;~,-,~,!ii,.it’~;il + ii tlir, : ~~r~~~~r~t~.~t~nl ,..;ditt-in- ~-Pc,-tl3tor, 

I/ ,I ~r,‘~v~,il ‘.,, /iir.*brj i”,! ~13 1.31 esl;‘T:r:‘x I i :, tw -,, I lr~‘,~ln$-““‘1 ,3t 

1 ‘*~I. in 1 I lrlivi~i ‘,it,’ ia Inrtreti of d-lit. !iiiii.~~ if; this itltqr-al 

~,I.‘_,, ‘,,l (1 :q, kI-il;lf- I-, &?.*i-~x+ - +:il.ti, I !-, iii r!;tJ ., ,,-s! ‘5,’ d 

‘.‘,.,I It) 3 j’ I 31-b :i-~ i‘x,. itvi iit ~.,rk~4-ir !.i;c :I, dolt- 4p 4+ ti::l.-I 

/,t lr!ij_m. t,ipfp ttlp I-,r-a-,pir+ P:, r t ‘l/i,: lirG;l I.tt-iik til~‘i- 1’ I .Ji r>s !lW 

l~iv *,ii-illitf ?f ,lIl)iit,ltk , !2’.,~>,,~!! I’ .’ f i L vi: I;rli: k , :, ,_ <,a- p c,  lif 

, ,/ $5, ,, ,‘,,,i.r,!,- &-Jr- f,l’lii.31* ,111>:!,..:.., iLi~)~,t!l?r- vi tt, ,? -1 P.‘Wl ib iI 

drl~+.s ‘2 /tiiir t,eprl I. lr r-i*cil 3_b/jt, .irlc.i J i /Yz/LM.M ‘~i.<.~lIit~:il t-it illL.,l I 

/~,h’“rv ,-ri re’,-iiii tr.>t? ii. rj+:~,ii~twi ;r!x? tvin:i \.I// :(‘I‘ I ;mc-tr (If -1% mr’i I 

I-y~y vi’i I t-it+ rj,?icr ~r,,~tj irl mjii- til ,i’, ‘cillr,v~v :, 

.hr tie>:..orla:-:I- “;tr ,c 1.11,-e 

II t’ II ‘I.,: t.,r+’ ,1’ ,I. ,i,-iq, ,I/ I”ll:,Yj F.t-I,! b ,‘, ,“!I ,!I 1 j. i. It 

l,, 1-i., #Of ,-I t-d-- txir, 3 ,,illI!:tY #,I : ,,, , ‘, f i, : ? t \‘ii )I 1’ iii ,.:i ,!.I 

I‘.^’ ‘.Mil1/1~i ir,“‘, ,ill~l : ,I81 ,+i ii-iplll’ /+Q :rM?--;, :ttl’s //I :I-Il. 

I I’/, > iIT+ illq.r? :! :t-,.<l/: “f,,,P! /.-,,z //i~~,/~_~,“/~ t, II/p ,,,,I 

b.1~1, tr::ibli.,:, <an tte ii-,c,i:l ?cil ,,.ith 1.41. r .7irhpd #if -;I+ : + >-+I-ii,, tlJrls” 

I/lP Ii YtlL, t,,rx /cv/~:;.t., I,’ i,’ .,rriy N’.t ‘-I-r I.,11 l,‘, II’? I‘;,,-i-‘iI -‘J ihe 
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base bar at one end and the four rod electrodes at the other 

end. Each arm can be treated as a loaded X/4- resonator and 

the base bar as the common ground. The resonator cells are 

coupled through the mutual inductances of the arms, the COUplicQ 

capacitances. and the four rods, which correspond to a 

transmission line which capacitively loads the stems. 

Therefore, the resonator can be described as a coupled multi-cell 

system l3 shown in fig. 3 , nhich can predict the t-f properties. 

This system has a number of different modes, $or instance n-0 

and O-O rrodes. For the n-0 mode, the operating mote, the 

neighbctx cells resonate in opposite phase and the 4-Rob 

eteetro3es are excited to provide the requ?ed electric field. If the 

four rods hake modulated longitudinal section ie.y. urith the shape 

0‘ trapezoidal 3r small vanes as shown in fig. 4), there at-e not 

only rat! ai and azimuthal yuadrupole fields ::ut also axial field 

components, which can be used for acceleration. With such an 

electpode cross section not only the basic quadrupolc term will be 

excited but also higher mu&pole terms. because their infliJence 

can be neglected fcr most a,zp!icatio-s, x y the basic berms car 

ce taken for the design calculations as if the rod electrodes 

,v+ould nave ideal hyperlxlic cross sections. 

Thz O-O mo,ge ccrresp3nds to a resonarce for which a11 the 

cells are in ohase and there is no ,xAtage between the 

electrodes. Fro?1 the equiba’ent ci-cuit both the resonance 

fr-equsncies rf n-0 and O-O erodes can be derived: 

wEoz w~(l+FK,)/(l-tFK,t?CqKc/NC) 

o~o=w2Sil-=K,)/il-FK,) 

where w:=2l./iiC12D)(L”-hl~)) K,=M/‘L. Kc: 2D/(<:+%rJI 

‘irKi F=:-I/N 

The specfii impedance p cart be calcclla:ed acccsrding to the 

cur-rent distr-ib-Ition along the split rir-g ~rrm’~: 

p- 16L,S sin*~p/iYP,,(l+KS) (Cec4Qsin”<p/N )I * 
c:j q 2 ,‘, noLe/(ri,ll+KS): 

Where L,. .,,? I are +(quivalent impedance:,. R, is the specific 

I’OT i,tarlcc and I; the krngth 3f the splitring bar spirjl arms. These 

formulae have been bsed to analyse the rf properties and 

optcmze the ir,tcgral s;-,litring RFQ. 

F!:zr- the purpopse of ion implant<ttion, adiustable outpu; energy is 

prderably considered. One way for tilis is to vary the operating 

irequmy -here is the possibility to realize i? for this RFQ 

‘;t”\lct..r’e with a short circu,t bar to change the effective length 

of ‘he an-, \:orresponding to chqe :he inducrance an: 

capacltarix zf the cell in fit,. 3. Since t/7e rf structure is 

mtegratccl and is adjustab’e in the cavity tank througn str 715, it is 

cor,venient to sssemblc ard to align the RFQ structure outside the 
tank4 n ad-lilion the ‘ntegrating of arms has greatly improved thu 

ristdity of !hf rf structure. If it is necessary to furtcer improve 

the I ‘dity. a -umber of pairs or conducting bars can be addea to 

tPe iirms in /‘:/IAYJ, and there will be only r~ li!:le influence on tne 

zperatlng erode. 

Flg.3 Equivalent curcuit of an Integral Split Ring RFQ Fig.4 Conically shaped Rod electrodes 

Measuremerts- 

To invest&ate the properties of the integral sFlitring RFQ 

experimentally a series of full scale models has been made ana 

measured. The models are made of copper and aluminium. The 

diameter of the cavity tank is 50 cm. For different purposes 

there are three groups of measuremen: to be carried out. 

The first group of measurement is to study T.he Dasic proper?&. 

such as the elect& field jistributior, sperattny fr-eque-cy frro, 

values of Q and p ard their dependence on the number N and 

length S of the split fin; ‘arms’ and of elec trade aperture 

radius a. In the measurements the electrodes are cylirdrical irods 

with coii~cal varying diameter from 1.2 to 2.3 cm and a constant 

periodic ength of 2 .J cm. The lerrgth 31 the reds is OS.4 cm arid 

the diameter of the splitrir,g tubes is 2.2 cm The electric&l 

fields were measured with ?he bead perturbation method. 

Results are listed ;n tabI. 1, The cata show that :he intf,Jral 

splitring RFQ ,s s.litable tn riper--ltc below thp fr-cquency of 100 

hti-Ii, even ce.0~ .30 Ml--I,-, ~~)‘iie h2ep ng lt-lr mech.vi.l:;il -igldity. 

The rf strusture has been ,~s~;cmbled an:; fixed by screws only. 

i*itho& any soldering or brazing. This dilows simple variation of 

parameters but will increase the rf p3iver I55305 even though the 

V&IUS measured are c-till acceptable. F-or-n the data it can be 

confirmed that the frequency iaTcD of the tperatsrq rode 

~~iecceases +/itJ? iwr-casing lengthen of S of the splitring a~r-ns and 

Jecreasin$g electroje aperture a. Ttiis can bt: explained easily :,y 

the correspoclding capacit:es and inductivlties i? the formula fcr 

ttw ft equency i’)TcO. 

lo deter-mine the length of arr-n fur 11-e high p3wer and bedrri 

?est resonatsr, 2FQ strcctures with difirx-en? length of arm hav:: 

t)scn measured. The split ririg r-f structure is al+/iays the same 

(tube dianrcter 3Omr113 The result:: dr‘e IisteG II? table 2. 

In the measured ram!e of the x11-1 lt~rl~~thes, an ‘mprical lined*- 

ii-lrr*icila has bt-:i~~ foirr,d (ztx l,it,li- :!), ivt iii:? ‘Its the i:.if.‘t‘r’n,~nt<zl 

clat,: 3CT) weli. With tile iorrnu a the irm length car- tc 

clrtw-mined to wach thr (lf:xig,vzd op<r’,‘tin; fre;l~~ncy throqh 
interpo/d:ion. 

To ~,nve:> t,gl to t,iw If proper-tIi~> of the var~iablc !l-\xjiirTic~, 

strut: tu-e with srt~all vane electrodes, ‘l serious i7e&urernent 

has htm? isrrried cut. lhe lorv+s: arm lf:ngth is 84.5 cm, the!-, 

t:w 3r-rn i an be shortened by inovin; a short circuit bai (see fig. 

5). The pr-eilrninary tre5u!t5 ar-i- Ilsted in tab e 3. It demwnstr-ates 

ttmi wi:h rcducuiny arm length Se frequency frr,, can be 

mcr msrd. while p valut:: i5 &:reaseJ, For small :h,:nges of tt,z 

‘rxjuency the efflcie<ry is nearly i,,rlstar-it..~~er-cicrre, tilis car’, 

IX (used t,z adjuit :he t-tixlnance fr~:~:~u~x~cy, t or larger- c ihan;<:, 

of the frequency the problerr s are not yet solved. J, this group 

of trreasurernent a supporting ring wc5 ;iJd<z:: at each r:nd of the 
(?~Ix tr ojes, ‘7 he ring car-r1l5r~t.d the lL)ny cpposile r.,1ri!ileve9xi 



electrodes ax made them mechanically more stable. The result 

showed that !h* vg :vili make snly frrO a kttle lower icompare 

table 3 ‘with table 2 for arm length of 84.5 cm). Tcerefore, it will 

ze adop!ed for the 1 

lhg.5 The, RFQ w :h ;i short curcuit bar 

rrst Resonator: 

r-o!d rrl~~aswenw,: s.hc;~od that the integral splitring RFQ seems 

~~.~-~/I viited tn oxrate at IOW fr-equency and offers the possibility 

10 ,.jriJrrct : ‘~,r: ireqwrry. For further studies of this type Gf RFQ 

II r+-~~,~~nat~r for h $1 power and beam tests has been clesig~ed 

,~r~i i.j txirng construc?ed now. The mechantcal strL.cture is made 

ilti~..it:~l+? For i:xarnplc, ths srral v,.~r,e electrodes and arms can be 

jj. ,.t,,.irilj<-.rj, ht:2;h,se they are assemble:: and fixed 3y scretis 

:..I, .,&k.r irl,j j )I braring). Ther::fore we can ..cie different 

l:i,)l‘ ‘r-,,ij.>‘, t~clwl~nc) unrwdulatcc or-es for the high power tests. 
r (1 iihi !.etter vdlue of j zf the test I exnator than tr-at of 

/ 11,) -i.:li, ‘“V(’ \+I/ imp-we rf contacts. To st;,dy the rf property of 

!:.,: r +..snn ttw IW c,lse of higt, fdu:y factor- the electrodes and ~‘71s 

i, vi c. Od!d t ‘y witt:r ‘vie vjiil further- optilyire the RFQ structure 

t I trt‘ t$-j~ p;‘,wwr to;t with the exi;tlr?g 26 Mtir 50k’A’ 

tr-,lwr~ilt+w. A; .I .~-~COII~I step a first bew~, test v/ill bye prcp‘i-ed. 

t ?!I ‘t II’, t ,/ ,r-p-w2 tw,:.t n clynar-lis cd i.ulaticns rave been done to 

11 .i:l’r 11,: tt,o il:,~.r:i(‘rLltl,-ll ct t,+,tvy ions with the iFL2. Input vaiues 

..lC i,(> 25 wir -,,, = 35 keV and a specific charge of 

j i I’ , ,-/ _ ,,,J, .: ( @; . ~<~r,s). The Iengtl~ of electrodes is limited by ti-e 

t:. i*:l,r I,-1 r:.v +y fdril~ ,vit/.l ,* lt?r~!)t-’ of ‘312 cr. T+ I’ m r.ulated ~resulti 

:’ 1 r /P I I’ ‘T t , -1 j / 3 1, ii,,th <,f 87cn-,. clt:ctr:.rlr. voltage si 7Ok’., 

:,,:>I /jr’, ,t-:; X!C : I;;‘/ ancd a tr 1n:;riii~siTir of 95% t..j> :!: aI7 

,J’/?f? ,-,/,-*/l.,, c ,l,Ci. 

‘-i3r!C/iJSICn3 i- 

3’ g I.+-‘!lrrlit I,.! -‘, ‘,!ti,:y of t.tx i,ltor:,r <II spli!rii?_t RFQ including i-f 

1 I- ..c l.l.llF~ :c,ltl ‘~i’ll~‘,.iiLlr=_r~ii3, / t, eqw~xlic-t circuit ;ind boatr tiyxwnic 

8. -Il.-Il,..rt 1.115 ‘,t:ww!J t.tut t+:is RFQ *.c~?nx well suited for 

I,-,‘ I :I-ntii 11, m;f I:t-s;!>;, ion: a: low treqliet,cy. It lits tW advant.,age 

/ :I,<, ‘/ / .+i: -,!; !, p-d itabilIty. dcceptd~le efficicncc .xd 

: ,-,r,‘,#‘r..:+.i-,: ‘m?r7 .fai*\ri e Wt? vill build an R-Q resonator fjr d 

” J / I l, , itv;t ,v.,:ti :/I,’ i:* IF,1 ,r,g :‘t:, b!i I, , Pa3 d’/J tr-drlirrll:.tcr 

-I i-c ,:i jsi?;.r~~ tf%t will be precared to accelerate N+ to 300 keV 

.? iti the ~ri;i~~:lr-,i r;j itr-l0g it’>. 
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NO N 

1 8 44.2 5 41.30 1639 91 

2 6 44.2 5 37.88 1612 95 

3 4 44.2 5 33.15 15’7 110 

4 6 116.0 7.5 24.01 1086 169 

5 6 116.0 6.5 23.03 lox% 180 

6 6 116.0 5 21.54 1016 197 

7 4 179. 7.5 16.27 1261 244 

8 4 179.3 6.5 15.54 1233 236 

9 d 170.0 5 14.67 1202 190 

S 

Ccr-nl 

a 
rm111 

f 

C&l 
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P 
CkfIml 

Table 1 Measured t-f properties versus sarameters. 

Cjiameter ot the tank : 50 cm, N = number of arms, 

S = length of arms, 3 = radius of aperture 

5 CcmJ 84.5 137.8 135,.1 179.9 

f CMtHzl 26.27 21.54 18.4 14.85 

fnoS CMHz~cml 2222 2322 2451 2672 

f;;S* UvIHz~cml 2218 2327 2455 2666 

Ta:.la 2 : Frequency fira warsus iengtn bf arm. N L 6. 3 = 9 mm 

*Calculdteti by i,cos q 1820 + 4.7 s ct,:t ira-~: 

b. Cl ‘I s, ‘l f 
K u (2 P 

Ccrni il-~l:llJ Cl&:1 cL,nrnl 

1 6 29.5 Y ‘10 .82 ‘Xii 99 

2 6 39.5 9 :x3.5* 1217 101 

j 6 .49.5 3 73 3 1113 102 

‘1 t; 6‘1.5 3 28.6’ 1022 113 

:> cl 74.5 :t ;G.l!J ICI46 135 

6 6 84.5 - ‘-4 2 ?1 .7’3 1078 154 

r.3b’le :i Measured results cc va-idbin fr-r?-~irency 

Oiarneter of the :ank: 50 cm 
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