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TOWARDS ‘THE CONSTRUCTION OF AN ULTRA SHORT CAVITY 
FOR HEAVY IONS SYNCHROTRON 

C. Fougeron, I’. Ausset , .I. Peyromaure 
Laboratoire Nat ional Sat urne (France) 

Abstract 

Heavy i ~11 n<,rri rndi ofrcqucncy c:aviti ps that can ip 
tuned over a wi.de frequency range, such as that of wil- 
MIMAS in.jrct’?r synchrotron ranging frxn 150 kHz tn 
2500 kHz. 

We carried out 3 sf2r:es 0T experillents on 3 
rcdwed si z:ed cavity (length = 120 mm. diameter = X(1 mm) 
that bnd been filled with 3 big!> pc-t-m.a;ihility inntrrial . 
In the light 0 the experiments it turns o:lt that the 
frequency car, range from 110 ktlz tn 3 MHz. The mnxim:nn 
power level!: WP could reach nre nentionef! in tte pap?,-. 

Thr o\lt comr~ of t-h? 9xprimetlts mnltcs it possibli~ 
to mltmplatt~ ‘Iui 1 ding n cavity frrr <a htZZ3V} i rnn 
ny~chr~~t-ror? whs>sc lrnpth WC-111 d ‘)i’ nbnllt ha1 f tire si 7c 
of a tradi t i onnl one wi L-11 tt qii a 1 I?1 PTt r1 i?.Xl 
chsract?rl St i cs . 

I - 1ntrcduction 

Li?w energy heavy ion synchs-otrons I:$? ,xi,el i?ra: i ng 

cavities -xhm~ frs>q,i+n:y <.:I,, he t~~rl?il ~~t.i- 3 wi,ii3 r:ln;oc 
with 7 wry low starting frequPnry. For- Lnstnncv t-hp 
“SATIXNB II” s ynchr,>tron ( 3 CeV Ft-‘,t~3n?) uses two 
identical cavities (1’) whose freo,uency range; dcwn from 
850 kliz ‘~1’ to 9 MTlz. Tn ordr’r t:o builqi our ~PW inject,.>r 
synchrotron HIHAS (7) which started l’rrfcminl: nt thr 
end of 1987, WC tqi i<, ldesi g,n and rnnkc two cavi tics 
worki ng on an PVF:I 1 QWP~ f r-? qn+?ccy rang ( 1 i’? kllz- 
2.5 ‘Iliz) that CR’? yield a 4 kVpp mnximw vnl t?ge on t’)P 
accelernt i n;: “,lr ( ‘3) I 

A :1 x .I 1; !SATIIRNF 11) or \,‘!i (M1MJ.S) ronxi ;?l 
resonntor lo;irlt~i! wi 111 hi:;11 pr~nn:~;lt~: 1 ity ferrite (f2r 
1 w.9 frequencies operation) hns provi dPd the b?s i c 
elment for tbrh bxii I ding of this t ypt‘ 0 I cnvitv. 
IJsunl ly, Car ,I1 1 low energy :;ynclirotrrrn , the i:rlvi ty.‘s 

length ShOilld he ns shnrt <as possi\le if&). 

After running the acccl-rator YIMAS for three 
years ) we could sap that we had almost reachtad thr 

m3xim;lm 1‘2 t i ngs w I? cn111 ii r’:i,““t f r<,:n t Iii :: I 4’]“’ rv: 
ferrite-cnvi ty , mainly its f rPq”‘~ncy sui ‘11: , :111d ttl+’ 
accelerating p,,:lr’s mnximlrm ml tnge p7ssSb:e. ‘%;l!. ’ s why 
WP c nr r i cd 0 il t r’x pf* rirwn t s 013 othf~r tvpf’s of mat9ri als 
that could allow bptter ratil?gs at low Fw~~~ancies. 

II - Nature of selected materials 

It is known that the r~sonanr<’ frPqu(,ncy of R 
cavity loaded with a 110 ,lr magnetic permczhility and n 

t* <r dirlpctric piirmittiui ty n:nterinl i $ pri, pi,? 
1 

tionnal to : (~crr~o~r)-~ with c = (eouo)-‘. For n ~iiien 
15Lgth of 0 cav; ty, nnc has to select a higil nApetic 
permrabili ty mat erinl so as to react: a low resonance 

f 1-p q:w ncy . At ti:tT snmc 1-inr cblcbrl ri: and m.~p~t ic 

losses of the nlotrrial should he as low as p~ssiblr t<: 
mni ntni n a bi g11 enough i~?pPd~lnce (frw hundrr I :‘hv). To 
this effect we decided to use an nmorphous magnetic 
alloy (on a Co-basis) sucl: as “VITRCIVAC” which was 
pr-svi ded hy tlw VACUIlYSCHbfELZE fi nn. Fm- ins t ante its 
relative magnetic permeability r-caches 817000 at 10 kHz. 
Th?st: m;ltcrial s arc awlilnhle in thi* s:hnF of tr-iro’idal 
cores and are thcrrfore wry we.1 I sxlitrd to tlbr hslilding 
of a conxi al rt~s~n;stot-. They are mqdo ,>f an nhcill- ?5rr,n 
strip-wound torofd.sl cov. E:icl! 11trn is ~~le<~trii.nlly 
insulatee from the next onr by a 0.3rm -thick insulntin,q 
coat. As WC had don?: fer MTMAS WC took m<.naur;‘m~~nts i,n a 
!r.odel si 7.c cilaxi al cnvily (‘i;:. l? lonilivl wit? Iniir 
“VT’TROVAC’” tore;. Dinrniliij11s ‘?TP f:llllwi?g : 

*utcf dimftcr .= 80 mm 
inner diameter = 50 mm 
t. h i c kn e s s = ? I:, Inill 

MAGNETIC MATERIAL 

BIAS CIRCUIT 

f i $z, . I : conxi al test cavity schfln~ 

C?rit- intrrfs t wns mai nl y tnrllsf,+ nn c;zvi : y irnp~l:lr,ri 
v31 ?1R , r,htainahle frcqr,pnry swinp nnrl wzi:iwnn p>s’i blc 
vnl tape lev=! . 

TTT - Electric and mnpni’tic rhara<.tf’rist its rrf tl1.A 
VITRWAC 

iit, i~f,nrp;‘““l tt,i! T,asu:ts ti, rtms+= Id.7 p-t lx, eliP %I,!i~ 

(,nvity loaded with a kin:1 of ferritr (TT)K) partirulary 

we1 1 sliited to low frcqllt-ncit-s on wllirh tt.sts wc’r<’ 
c~rrird ollt befov the, blti I liini; ,)f ‘IIVAS (l!r = Itin?, 
qua1 ity factor = 6 at 150 ktlz). 

“VI’CROVAC” li cleL:t r-ii, rrsistigity is l.l!!mm’~m. I! s 
t-e1 at-i ve magnetic permeabi 1 itp curve i 3 schown en dlngr:un 
7 I. . ‘l’hp us11a1 ferritrs loading the RF cavities have n 
constant lwrmc.3bil i ty i II thr req\:i red frequ+=nfy range. 
Tbi .c VTT’ROWAC mntcri al Ann the npposi tr 1 has R I-r~:,?tivr 
pc=nrc,nbi li ty that deer-ensrs with fwq~w:?cy frcm 10 kHz 
0”. Nevertheless t!>e relative magnetic permeability :)f 
VIYROVAC is 5000 nt 1 Nllz wlwrc:ar tkint of ferrii-r’ is 1530 
at the s iame lrequrncy. 
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. (1) VI” KOV AC relative magil"t i c permeability 
(~“A~::‘IIM~;(:IlFI~l.1.ZE I)at~l:~ 

(2) 
imi~nsi,r~4~ 

V I’I’ROV 9C I , relative nagpet i c peroienhil i ty 

. ferri t+ T’IIK r-flative rnairn,at i<’ perm~ahility fmc~;l~l~rr<l! 

Dirlritric tTB,,S’,Pt-SP prrmi ttivi tifs are 
zorrpnrsblel with n vnl 1x2 ofrr = 4. r t c:rles out 
f*-0.1 I-terse* fit-;t rni~asur~nt~nrs that thp wavrlrngl:t in 
this type of mat:.rinl ranyes fron 4.5 m nt 150 kRz 
diW,l to 1 m at 2 XHz according to fhe permeability 
dc:crt~aw wi :h fr?qwn’y. ThPrrforc n one meter lone 
c B vi t y (the usual size in .3CCPlPratnr b?lil dinz 
rechnol “gy‘) co111d provide an :.acn1 .I/4 resonator at 

I50 kik. 

IV - Modrl si ZP cavity imp+?danc? 

Still within tt,a yT”IAS cavities possibilities, we 
t1 n”P timrl ,7,1r cavity to n starting freq<wnry of 
I50 ki1z. OILI- hi as I ng circili t is made of lo UT tern 
cQ~pp+-sr wi 1-6’ around the material to hc scltdind. Tn order 
to get tlli? re$onance frfq’:P”Cy, one has to srt :i 
‘I 7 0 0 p F vuning capacitor on the “VITRPJAC” cavity, as 
cmnpnrwd t,, 8OfmU pi: on a ferrii.P laaded cavity. Th <’ 
i :np.zdzncvs l-hat I:avr bcc:n mi~asllrPil are plotted tin 
rl i 9 gr <an 4 . 

I 
al 1 MHZ ‘0 F 

fig. 4 : cavj ties impedance for di Eferent voltage levels 

Their volue~ are roil~hly similar (higbcr fat’ ferrit? 
at- low frequencies, lower at higher frequencies) at low 
level voltage. Rut the possible swing in frequency is Far 
wider with the VTTROVAC material. Tn fact a 1.5 A rurrP!lt 
is enough in our biasing circuit to go over the frequency 
range from 150 kt!e tc> 2.5 MHz with the VITROVAC cavity 
while wit.3 fct-rite 3nA arc needed tl rench a maximum 
frrq:wncy nf 1.7 MHZ. 

Resides, our 71easurrnent devices have not so far 
allowrd II!: to test the capaci tirs of our VITROVAC landed 
cav: ty beyond the I~vel of ?‘,OV. Nrverthel~ss further 
tests have been made at 300 ‘4 in continuous WBV~ without 
therebeing any nmplitude distorsian or pnrticvlnr losses 
in freqaency range 150 kllz - 3 ~!Hz. Tn fact we don’t 
rxartly know the maximrn vol tape limits. 

In ferrite-cavity impedances decrease verymllch with 
t!w RF vol tag’ appl ird. It was only possible to obtain 
501’ in the range cf 300 k'ilz-1.5Miz (22UV from I50 kHz to 
3r)C kllz) . A hard (1 loss effect is detected about I MHz. 

1’ - Further tests on large diarretrr toro?dnt cores 

Wr as k.>d “VAClIL’MS Cl!MEI,% E” to makry for US two COT<‘S 
of the following dimensions (MIMAS dimensions? : 

outer diameter : 510 mm 
inner diameter : 355 mm 
thickness : 25 mm 

We set them into a modt?l size cavity (L = 30 cm). 
Unfort unatly our “filling ratio” was not quite 
satisfactory. Yet we carried out the previous tests on 
our large size cavity. The impedance and frequency swing 
measurements at a lower frequency of 150 kHz (tuning 
capaci tar = 1000OpF) are shown on fig. 5 and fig. 6. As a 
comparison the same cavity loaded with ferrite has a 
5Ol1 impedance at fo = 150 kHz (tuning capaci tar : 100 nF) 

fig. 3 : cavity frequency range 



963 

:pL 

LOW LEVEL “r-‘?” 
“K% LEVEL vu= %“I 

. ..- -- -;,;,;;,,,;;; 

: 
, 

fig. 5 : fwqwncy range (lar~c torolidal car<‘! 

02 
llj LOW LEVEL 1.‘=,1” 

HIC.l LC?EL irr: 7’” 

*>I ‘~ 

‘. 
‘_ . . 

1, ,,,’ 

-. ‘-.__ ,’ 

‘,lr”O”AC ‘,2. r 

IV, 

.-_ _ -- . ..__ 
$8, 

._.. ._ ~(HI .~_ .: f  

fig. 6 : cnvi ty impedances (IarT toro?dal carp) 

Conclus i on 

The rxp?riment? wr have carried IJut on omorp11~~11.~ 
matcn al s <al-e therefore most promi girg as to t!lr> 

bli ldi ng CT lob’ frrq”rncq arcplerat i nq s::!vi ti 175. In 
fact : 

berallsr of t hr, 11 i Z’il val UP of magn”Pti c 
permeability we can contemplate buildin:: short length 
( lm) nccel erat i ng cavi ties with n wry low startint: 
freqwncy !l?rl WI:: OT- less). 

- the maxi.nwn posi bl e El’ vol tn;:e appl icd is rnl~ch 
higher for amorpho~~s material (more than five times in 

our model siw cavity). 

- we Can reach a much hi gher f I? q,wncy wi ng t liar1 O!, 
ferrite cavities (fnax/fmin = 25 or more), 

- at hi gh vol tage 1 eve 1 , impedaneca wi 11 he hi gher in 

amorphous cavity (twice as high after our mensurements1. 

The characteristics of au~orphous materials ark t hr:~ 

well slii tcrl to the building of nc~,elrrnting c:i\ri tiixs for 
low c’nerfiy ayncllrotron. Out. pm-jma~ is t\l rep: are ollr tw 
MIMAS accel erat i ng cavi ti es wi th n s i ngl P one I oad?d wi til 
amnr phous mate ri nl . ‘?I> achipve this goal, w.’ :IV making 
further experiments rwant ta precisilydetect themaximun 
voltngs levels that can be reached on thp accrlerating 
gap. 

l.asily WC are aiming aI Iwt ter meas,,*- i :,i: tile 
electric and magnetic losses occuring at high Erequency 
(I MHz - 10 MHz) in order to know if we CRT? chang? SATIJKNK 
cnvi ti es. 
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