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Abstract 

:I hatll-cooid all-niohiuln 160 MHz quarter wave reb- 

onat~lr prol~>t,vpc was constructd and tPsl,cd, Thr objrctivr 

c>f this r~~.,c;trcl~ has I~rn the dc~velopmrnt of a. high perfor- 

3nwnve ac.ct-lvrating cl<7llent with $C,,l *‘- 0.11 for the -ALPI 

lil~ac at t hc 1,ahoratori Nazionali di 1,egnaro. ‘The design of 

thi> rrsollator was basccl ,.I~CIL a previous 150 MHz modrl 

/I 1. wit IL m111or C~I~LII~:PLI due to t hr clifferrnt Irequency anti 

t 0 Illodific-ri wr-Iding 1” ovvlbr~~. i\n itccc+crating field of 5 

hIL’,!11i \v.*s acllic~ic~d at a ~“ov<‘r tlissipatioll of 10 TY and tll<L 

ll1W l”‘W”‘ Cl was 2.-i I I Oh. ‘l’hc rcstlnator could dissipatr 70 

\Z- of j~o\\er wit ilout t llr~n~al l)rt.akdc)wn. 

lntroductiou ______-- 

In lr~.f’nt ymrh a 11111!1~)t~r of Iaboratoric-5 havt. adoptcvi tll- 

c111artrr wave‘ rrzoni~t~~r [2] in super.condricting linacs for hravj 

i011h [3,4.5,6.7.X1. ‘T’hr 5111~f.rc~~I~~lllct~)r trchnologp which has 

IIWII 11sr11 initially was Irad plalrtl on copper; t,hz supcriol 

p~rfornianc-rs of nir)l)ilrni ah a iuT~~rro~itlllctc)r prompl.ed sonic 

lnlx1r;itorir~> to tly it in qllartc~r wilv6’ rrso!lat,ur configtlr;L- 

tion [ 1 .I).lC)]. It, has bcvn drnx>nstrated that the thermal 

1 rrat lll~‘Il* at Iligh trml)<~raturc~ at~cl ultra llil~;li vacuuni inl- 

j~rc)ve c~,llsitlr~ral,l> t II<, i)l,rf~,l.iiriitll,l, c)f niobirlin r‘rsoliatiirb 

I l,I2.!Jj. I’lrrs Ilir)Jiilllii fll~artv! iviivv rrasoriittrlrs io filr /v\ 

ctpt l;,r o,,r 150 MHz tv(jtotypv !I!) inrlutlrtl parts nlitdv 1 )f 

rsploiiv~~‘y l~on~l~~l nii,l~illnl-tr~-ci~i)l~(~~- and thus were limitr~d 

tc, I4,wrr t c~ul]“‘ratlIrc~ trcatrllc~l!t~. Wr hnvr drsigncd a nio- 

biuu, quitrtrr wave resonator which colitains no oillvr material 

than niolbillnl so it allay 1)~ t rtyat.txl at, very high t~rmprrntrlrr. 

1n order to solve the prohletti of the outer conciuctor cooling 

WI‘ II;LVC ~~srd it do1111li~ wall tl(Ggn ( bee fig. 1); the thermal 

Ilath length between the liquid helium and the rf surface of 

the rrsonator was nlinilnized by keeping the thickness of the 

inner and outrr conductor within 2 mm. 7’1~ use of thin 

wall niobinm has also kept t.hr cost and thr weight within 

rpasonahlr- limits. 

Design, construction and surface treatment. 

Tlic goal of thr design was to get a quarter wave rcs- 
cmator ii&~ of high thermal condllctivity niobium using a 

minimal quaniity of material, with a structure which would 

allovr for good cooling and for baking at high trmperaturrs. 

A high accrlprating field to prak surface elect.ric field ratio 

E,,‘E,, was rquirrcl. 

The desip of the shape of the resonator inner conduc- 

tor wan test,ed initially with computer codes. We were coil- 

ccsxrd with 1.w~) problems, t.he optimization of thr ilmrr COIL- 

durtor shal)e for lowest peak surfacr rlrctric firld and !.hr 

rcvluctiun of multipactoriu<. An elrclrostatic approximaticrn 

of thr firlda at thr tip of t.he inucr conductor was studied us- 

ing t hc cornl,utrr ccxlr FEARS (Floating Elrctrodr Axisynl- 

mrirical or Rr-ctangular Sirlurlntioll)[l~lj. 111 a later Ptagr wr 

havp trxtrd t.hp r~lrctrorllagnrtic solution of tile con~plett~ rtls- 

nnator 11hing thv r~ctltiputr~r co~lf. S1’I’tX~lSII [I 51. ‘I’llt, ca1~11 

la1rd illId c-xprrirnc~ntal valrlr~i oft II? r~~s~lrlalor J’“‘.“lL”‘t~‘~S ill’,’ 

shown in tablr 1. I1 is intc%rebting to noir l-hat tile ihc~clrc:tival 

valllfs oht aiiictl hy using !tir tritnsnlishion line theory [2] itrf- 

close to t hc OIIPS rrcg-ivvl using; the SllPERFISII prajgram. 
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FigciTc 1. I'lCW oj fhr rlll-t!lob2~lJl1 gllcLl+r I' 1C!OL'F R‘S- 
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‘I‘he multil,actc)uinfi rharacteristirs of Ihe resonator weTe 

stlldiml using tile con~putt*r cotle EI,T \ICi]. The conclllsions 

dr;lm~ f1.0111 t.hc 7in!ulirtion of rhr nmltip5ctor levels were to 

incrrase t.he diiLIlleter of the 0nter coIldUCi0l fro111 16.3 Cl11 

(oplilnal valrlr Air a high Pa/ Ep) to 18 cm. 

The resonator was comtructetl to operate at 160 MHe 

anti ii f1.11 to meet (11~ reclllirrn~rrtts of the AI,PI linar 

pr~v~~tl~ ~~rlti~~ rousl r11ci iota 21 tills I,ahc)ratori Uazionali rli 

I,c~gnaro, ‘f hr. ililllvrlsi<8tls of this cavil!, wvre srt ho that folir 

Sll<.lI I.~‘iOllilf~ll~” v-r)~~!rl til Ilir- ~timilnril 21LI’I cryostat will1 

Ijliilor Illoditic-atiilrls. 

‘I’hts rvs111t trf tht> tl+ig:ll is 5how11 ilr fig. 1. ‘I’hr rr~~natcrr 

i!: madr of niohiunl parts joined togrlher liaing t+ectroll hean 

vit~l~lillg. Two gra(I~s of niol)illm were ust-d in order to i-?ducv 

tiw cosl <If thrd rrsc~llat.or. The parts of t.hr resonator exposed 

to rf firltls WCI’C rnadr~ of KRK ITtO or l~rttcsr nlaterial. Fur nil 
the r.~tl~vr parts much less eqwxivr rGol.)irlltl (ASTM B393-8 
Tppc 2 11 was 1ltiiizril. The ellipsoidal tip of t.hr inn-r con~ln- 

tar and tht, lwilnl ports were produced hy spinninfi. 

Thr rons: rn~~t,~or~ of t,hr resonator foll~nvrd the &rip 

very closely. and the nlnchining and welding were success- 

ful; t.hc, moclifications intra:ldu& in the new Mnierharlical d+ 

sign ~Ilowe~i 11:; to ov~~rco*ne the difficnlties mrounf.rrrd while 

w&ill~ I h(’ prW101li I r,o n1112 pr”t<Jty}W [I J. 

The n~ar.hinr(l oi~,l)irin~ parts were sltpplie(l l)y the I,nl)c~ 

ri\t<lri N;r7ii~n;ili (Ii Iqparr~, Italy, tllr wrltlin:; :tnc! thr (.hv111 

ical treat rncnt IVPW p~rfonncd at (‘ERIC, iwilzerland, UI~ 

tile tllvr.r!l;tl tl.t~iltlllt~lli was (!OIIP at thr* ~V~izrnann lnstitutv. 

Israel. 

‘I‘ht, clirnliv;il trt2tltlent, the staltlartl “hjow” etching 

p:crcss 11wt1 it’ (‘t:H IT for niohirlin cavit.irs. wits fol!c~wcvi t,y a 

Ions; 1111 rapurv (lpionize<l water rinse. The rrsonafor was t,hrn 

~i!~i*~~l ;~IIL! I)wckv~l itI a ~lvai~ ((.lith,k !Oll) I‘trc,,,,. Fmli tlYmspwtr~i 

to thaw \\‘r~i7maIln Institlltf-. 

‘I-he tllt~l~lllR1 t n?ll Ill~~l:i \vai has~~l 111)~)n tht, vxperivncc rbf 

14 IICT li~l~o:~iito~ it=. ‘12.1 :ij WlliCll t1nvc> 1lWii titallililll ~lll~lilllH 

lirlll itI ot.ii~,r to ~lltjjrov~ the thvr1lia! 0)nductivity of niotlillln 

III spite of ! IIV ~~10ii1l)lrs G:rvt1llrt ;‘7’ of otjr rrsor~;rtc~r wt’ lli~v(, s11c 

~fv~ivl t0 ~l(~l~<>sit it thin layer (nllollt ‘r0 ,,7!~ ) of titaninul CIYC’* 

ail t ll<. ~lll.rR(.~” cTcq’t fm t lit, on“‘1 to lw cYi]“‘“rd to rf. PV< 

(ltti lt<)t dc11 :IIc, tila~~irln~ 0tt tlir Iriolllul~l 5,1r ;~CPS after the f 

fl1rtlit.w t wat 111f~llt. 

‘I 11f. furtlaI-(~ “it~‘,luill that iv,‘ ~rmlti IY’iL(.lI at 1”uo (! was 

n,i’I,r’,?tiiil;lti,l?- I II) -’ ‘I’r~rr; wv ha:~, dc~ri(i<~rl to stay iii this 

tmlprraftlrc ir! ~rlrr to avoirl rl*grailatis)n of the tliohintrl 

chnrar-trristirs /I 11. Th+, tlru-atirm of the trcat.nl*nt at 1200 C’ 

wai ,I.5 h(mrs ~~r~~cwdt~d hy 1 S holtrs ~,f drplssilla antI warmup 

ant1 tdlcwYi 1,s I4 hcrul.:, Wol<low11. No Fwt~lwl. treat rnc~nt fol- 

~CW~YI al thr J+Veiznlann IllstitlllrJ: thr recmator was packlvl 

without, spcial care (except. for the consrant flow of dry nitro- 

pn riuring its rc~v~~tl front the furnaces an(l during packing) 

and then ship]~~+ to I,egnaro. 

‘l‘hv CUU~II prt.lilllitlar,v of nlvasurrnl<-nt t nkeo at t IL+, 

\l;,iilllilnll Instit 111~ l~~fr~r~ tllr lrt’at t3-atmcml ~av<’ a nlilxi 

lillllll <tr ,I.‘1 LP\‘/lll ill iii) M’ rl.W.Yi1.Il ,>i>\l-el‘; tllerrlli~l l,W;lli- 

dc~wn was thy ‘imit. All the rf ~neasurr~~i~~~f.i aft<7 the fllrnact, 

t I-at n1mf ,VFI‘<’ p”rfctrnWl at Iqnarl~. Tht, vsonator shippe(l 

frown Rrhco,mi was r?Crivvd at I,c~gnarc~ one wwk late-r. A 3U 
ILlinllt (‘5 ri:lhr wl!h ~I~Gonizcti w;tt6sr v-as f~,ll0w~Yl t,p air t-1 h;lni,l 

rinrr and dry nitrcqrn fl:l?h until it wa9 dcpositcri in a vacuun~ 
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! ~‘/,,ls ,I/ <) I’i’,‘.>:,: I:‘,, /If jc,n ,L!l<i ,,ji< i’ hr lz li:?1 

~loi~ir~~~ c.ylirLdr~r bvllvr(~ ii wit. kq)t f’<>r i11<~ ut xt 11 w<.vkh. ‘I~~L~*I<L 

was no C-IP~LII roo1n at our riis~~os~l rl1i11 tllc rinse, wa:, ~lot!v cvith 

st;tnii;~r~l <Ivi<~tliz~.<l wat v] . T!l<b l~~‘~liI!;tt~,1 wiii .Ill>itYl irt B \ii( 

uun~ of 2 Y 10 3 Torr for the first. 10 <laps itnd at, 10 ’ Tori 

for Ihe rest. of thr linic-. 

‘1’11(, rllrllt.il,it(.tori”l: ronriiticalilla wits perforn~crl at. 1001~ 

1(.111t’~““1111.(‘, kwping thr vwuu~n aroused 10 ’ ‘I’cirr. Thf, 

coilditionin#, which ditl not pr<.b<vtt ally parti(,ultir pr4,tJlcitl, 
t oak 10 Itours. Thr condit.ioning was tlonr wit 11 cu-. up t,o ‘70 

1%’ f~~rward ~wwc:. Thr opratiorl wa, ;t t slight ll!l~lc'l.~~l~ll~'liIl~~ 

the Iliilltii)“‘tl,rilli: cc~iitlitioiiin~ ;il~~vv 70 LV was ~iotl<s with Ill 

I(,:, pIi’.” at a rluiy f;lr%lr ofO.15, so tt1ai ii :wo I\’ pl’lit~ c~crrllll 

lie lu:cvl wil bout c-ndailr?\wirlg t II? ~wuplr~ c-c~*ii*f’c ticIll> ,)r tllf, 

cal)l~s fvc-tiillg p>wvr tc8 t hr i~~~nnt~~i‘. I)urin~: thr :~lvithurr’- 

tllcnti tilt, rrhonittor was nl;iy~nc,ttic;i!ly ~hic~ltlrtl. ‘l’hc resultb 

of lllr~ ~I~f~i~hl~rt~~~~~‘~llS at 4.2 K itftrl hrliulu (.oll(liti0ning ws7c 

as foll~~ws (SW* tliagraln in fia.2): 

ii ) IJVW pow”’ It 2.4 8: lo”, ahnvst flat up tr, ii. fielLl of 5 

i\J\‘/n1. 

II) T;ic,ltl of S lVIJ’!lli al an input ])ow~ of i 0 li’. 

I,) btaxilnlllli fivl~l of S.!) hlV,‘I~l ol~!iiillcil with 8 *w~PI’ <Ii., 

iil)ation rlf 5~1 W l’llr, rvh(lna1or fitaltl with stallI*% ev<‘tl at 

hiqh i”>wvr i rlj)llt. 

tl) hlaxill~unl ri’ power ~iihhil~alv~l ill 111~ rt.siniitr)l. tvilh r~tr 

significant irlcrc-nw of thr- fir-I(1 lvvt~l. was 70 \I: liniitrd 

1r.s 1 lWrlli;ll I~rP;:lctl~~~\ I,. ‘l’llr, z “a: !. lll~~i15:lr<‘I! at llll, i’!j’ 

siclr of t II<* rt-ysbai were al very high Irvcl (tllllctl af)o’i~f~ 

:~f~oo /‘S;ih ). 

Conclusions 

The high RRR all-liiol)iuru, hath-rooleti <luartc~r wa\e 

r<:sonatcrr desc-riherl Iit~~ i:, ai, t~xtrvinc~ly I)r<)niising ac,cclel 

atinq eIenieIIt for su~)~~rco~~(i~l’.tinn 11~a-q ion linacs. It can 1,~ 

op~ratetl routinely at 5 hlV,‘m an(l ID 12’; the thcrnial brcnb- 

(iown o~‘clirh onI;; at itI \\:, w1iic.h ih ii very higIL power foi 

?rll(.!l I~t~~otliltoi~~. 
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7iLhl~ I: fvLobitmL qunrtfF 1L’cLVf wsonntor dafcc 

Ben-Zvi SUptYfiSlI’ Experimeut 
Brenuan[2] [lS] (bead test ) 

L&l 0.11 Il.11 

'r(frnll.slf !!r,rc, fncfor) O.!)-12 0.9 

r~jI:~17,1J~(nlr-i,f]:] FIX.8 ti7.3 63.6 

* vising experiment al T val~re 
*+ [lsil,g t]ly,jrc-tjca] lI(.‘S rriistiiit:, <>f riic)biurrl 

‘Tlll,S~~ rsrrll t ‘j_. It c-n if 5u i we‘re ol~tiilnt~d in spite of the I’c’- 
c~llatr~r lrali~llil~j: t ilo rl;lstfrrc ar?a and no filtration <If lhq- 
dri<>lli7~~cl urat<sr) ;rftfLr it left t!lr (!Fl(U lahorat cries. ‘r!lc- 

due of 2.4 j. ItI’ for t Iis, lov; power Q. which is lowrr I hall 

onv cc,rllrl ohinin wit,11 a rncblrilitll cavity, chow3 that thwi* is 

ro01u for :+ sigriifican! i~nprovr~wrlt of thr surface quality. lu 

ilif~ flltllrc, vc’ shall 1 ry t,i-, ~)r~al~izv pvapf*r dubtfrce Ilanctlinr: 

of the it’ho~~iitor; with this operation we rxlwct lo illcrrasr 

the low power Q value and thus to push the resonator perfor- 
mances to even higher fields at lower power dissipation. 
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