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1. Introduction 

This paper describes prelimina.ry work on accelerator struc- 
tures for future TcV linear colliders which use trains of e* bunches 
to reach the required luminosity. Thesr bunch trains, if not per- 
fectly aligned wit.h respect to the accelerator axis, induce Iran5 
verse wake field modes into the structure. Unless they are suff- 
ciently damped, these modes callse cumulative beam deflrct,ions 
and emittance gro\vth. The envisaged st.ructures, originally pro- 
posed by R. B. Palmer,’ are disk-loaded waveguides in which the 
disks are slotted radially into quadrants. m’ake field energy is 
couplrd via the slots and double-ridged waveguidcs int,o a lossy 
region which is external to t,hc accelerator st,ructure. The require- 
ment is that the Q of the UEjZfll mode be reduced to a value of 
less than 30. The work done so far includes MAFIA code com- 
putations and low power RF measurements to study the fields. 
A four-cavity 27r/3 mode standing-wave structure has been built 
to find whether the slots lower the electric breakdown thresholds 
below those reached with conventional disk-loaded struct.llrrs.” 

We set out to assess the microwa.vc properties of the structure 
and the problems which might be encountered in fabricating it. 3-89 I 63iRA2 

2. Description of Proposed Structure 

A three-dirnensiorlal view of the originally proposed structure 
is shown in Fig. 1. Tile cross-section of a variant of the strllcture 
(using ridged waveguide outer channels) is given in Fig. 2. 

Fig 2. Cross-scctioll of modificY1 sirllcturcl. 

It can be seen t,hat thr disk, or iris. of t hc convrntiol~al structure 
is divided into fol:r quadrants I)!, follr orthogonal ra(lial slots. ‘1‘110 
slots continue radially past thcb out,cr wall of the cavit.y, t raltsforlrr- 
ing into double-ridged waveguides. \\‘llen originally conceived, 
these waveguides had their dominant-modr cut-off above the fre- 
quency of the fundamental accelrrnting mode of the structure, 
but below the frequencies of the transverscx and higher longitudi- 
nal wake field modes. Power in t,hese highrr frequency nlodes was 

to propagate along the slots into t,he ridged wavcguitlrs, and be 
absorbed in an out,side lossy region. 

Accelerator structure with IIE1CI11-mode damping. 

Four radial slots in eacll disk are thought, t.o be nc>ccssary to 
assure coupling to all arhitrary polarizat,ions of the wake, field 
modes which can bc excited by the beam. Additionally. the slot 
pattern in succrssive disks is rot.atrtl by 45’ t,o further improve the 
coupling and also to prevent the ridged wa\-rgrlides from cutting 
into each other (this may or may not happrn, depentling on the 
dimensions chosen). 

It was first thought that lossy ceramic loads could br placed 
at the outer rnds of tl~e ridged guidrs to absorb t,hc RF power. 
However, present thinking is that any arcing across iht, disk cluad- 

rants (which must be expected to occIIr, albeit very occasionally) 
will cause frequency multiplication of some of the fundamental 
RF power which wit1 then reach the loads and destroy them. It 
is now intended to couple tile power into the annular clrarnbcr 
between the structure and the outer coa.xial envelope. The walls 
of this region, which act,s as the vacuum pumping manifold for 
the whole structure. will be coated wit,h lossy material, such as 
Kanthal. 

3. Design, Construction and Materials 

At the outset, it is recognized that even a conventional disk- 
loaded waveguide is dificult to build with appropriate tolerances 
in the presently contemplated frequency range, namely four or 
six times the SLAC frequency (11.424 or 17.136 GIIz). The struc- 
ture considered here also poses additional problems. To get a first. 
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IlSS<:SSIT1<:llt, t.llC iVlrchani<~al I~illl~iC~tiOll GroLlp at ST,il(’ I\‘;15 ;lSli(Yl 

to l)uilti a f(v CPIIS, lwillg misting Il!i?(.llillc Shop tOOIs iillcl tc-rll- 

riiqlws. It is 110 srlrprisc that tlrc largcast. prol~lc~rrls arc aswciatcvl 

wit,h the tlisk q11;~(lra111 s: tilt\ ~~rofilc and surfam, finish of t11c: 

slot and bealn iris vtlgc~, alit1 t,llc* location of the qllndrntlts iri tllc, 

firiishwl nswrritily. 

To dak, tm crc~tlit,ahl(: rnc:tl~otls of coining or rlwtrofou~~ing 

the struct uw havt, Iu~rl ~~roposc~l. It, appears liki>ly that lirazillg 

vlf-jige;ing parts sIio1vs thr, Iwst, prwniw. Prrcisioll stairllcss-st<vl 

t Illxs provide Wilt.Pr COOliI~g illId aligilnimt. It is t holigllt t,l1at, 
the quadrants will 1)~ Illatica on a. \wy highqliality IIulllc’ric.ally- 
corlt~roll~~d milling illachiiie. 

Calculations madc~ AL CI;‘l~.V pdict tllal tlanlagc to t hc cay- 
ity inner mctnl surfaces due t,o fntigllc from t,lierlnal cyrlillg is 
likely t.0 1,~ a prol)lml if Or;‘E cop*wr is uw~l. Ilowevc~r. Dislwrsiow 

IIartlcrlc~tl (1111) (oppms have significa~~r.ly higher yicltl st rc~~gt 11’: 

((vvcn after l>razirlg) tllarl ~~vorlt~lla~(lo~~t~~l OI’IS c’op*wr, an(l yc,t 

t.Ilry retail1 tile simv tl1(~Llllal arid elm t,I,ical (Ill:) co11d11(~1 ivii if5 

Snnlplcs of on< 1111 c’oppcr ( C/;(/C:(J~) arc Iwirlg prct)ar(~l for t(xhl. 

3. Low Power Experiments and MAFIA Cnlculnt.ions 

The pUKpOSC of tllc, first c-stwrii1lcwt5 !VilS to filltl Ilc,\v tl1(% 
prcsc’nw of ctlli~(lralLt 5101s in tllc* tlisks affwts the Cul~tl;rillc~~it;,l 

and iiigllc’r-orrlc’r lriotl,* frutllrncic*s, fic,ltl pat,tcrlls arltl I1 I// \-ollagc~ 

breal~do~v~r lilrlit~. ‘\ t lirw-caL it.) stack jlwo flill c;lvitim anti t,\\mi, 

half-cacitivs) was n~adc utilizing slott4 tlisk?. The cmtl t)lat,(~ 

had srmll IlOll for CwYlillg alIt! pick-111 plwlm. ilIlC1 for t,c%iil 

p1liling. Tl10 slots afirf Iprolm colilil !K alignotl in arl~- tlcsi~,i~l 

131~11111(‘1‘. V’Olti~fiO t,rilIlSllliSSi0li rmc~flicicvit (,Ylj ) l)lOt ‘: M‘(‘f(’ t ill<C’II 
wit ii a 11vt\v.o1.1< ar1;:1!7rr. 

In tllc% iirst i*st)(‘rilrlmt, 1110 ca\,ity tlialncir~r (21,) \viis 8.71 (‘111. 

arl(l 1 hr bcarn apcrt,urr’ tlia~nc~t (‘r (‘3) \vas J.2 cm. T!I~ cli>l<s ~v(%I v 

slottctl all ttlcs v:ny lki( Ii fI.Ollt 1 Ilr iris to tllr cavity \vall. Nr) ~)IY~I,~ 

!cni \vas four14 \vtrvIi l,!i? l)rolws wrc on tII(b axis of tlw St 1.11cl 111’1,: 

only thv fundarncrital niotlr~s (0, T/:3, h/3 and 7) 11’(‘1? (‘S(‘ii,Vl. 
I lobwwr, ivllc~rl t hr, t”.ol>w Jv(‘r(’ ofr--dxih, slol moilm v;vrc (~scil,(~~l, 

as showi in Fig. 3. 011~ of 1 liw~ niotles (S = Z!)(il IIIIz) was vcxq 

close to 1 II<, .)7i/:S furl~l;~rllc~I11,~~1. v;lric~li rra~ rwoir;t~~l, at Xi:3 1111~ 
\vllh t h(’ ill)ovc’ ht rild 11rc cIlln<~llslotls. 

s =Slot Mote 
2a =4.2 cm 
2b =8.71 cm 

2 963 GHr 

2.7 3.1 

2 88 FREQUENCY (GHz) ssza*s 

I:ig. 3. .??I l’lot: I,arp lwillrl dprrtlirc. slots alignwl. 

‘l‘o Iowcr Lllc fl.qrlcIicJ. of tl:c‘ sIoT rllotlc corrlpctirrg witll 111~ 

27r/3 Inodc, tlic, slot l~~nglli v,xs inc.wasctl hy ~.ml~~cing 2a to :I.(; ~111. 
‘I’hrn 3h wa4 atljustml to put t hc Z- tt /:s Irlotle fq”‘w? (.lOS<~ 
to 28.51; MlTz. A new stack incorj~oriil ilig Ltlcw: dilil~~ilsi0i~h wilh 

made. 

Dispwsioll curves v;crci ills0 g(‘~~<~~t(vl 114. llsillg t II(* .llr\l*‘I,\ 
codt: to ~~~~rlc~rsla~~ti tllis t)rol)lr~ti 111orv thorc~~~gl~ly. I’igilrc I gi\.m 
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l;i:. 1, I\l.\fJi.\m ,<c’lic‘i at<*,: (li5jwr5iwl r.iirl’i‘,.. 

tll(, d - :i (l~:~g~~ai~l-: ili>li\,vrl fro:11 111(‘\~’ ~.i~li.lil.~:i~~ll~ 1’01- I!,( ( iii(~ 

Ivli(w‘ III<, s:i)t5 ill t 111x (li..l,s :rw alI ;t’iqllr,il ‘llli’~ ~~<ll(~lllill iC)il\ illlI1 
irrdicai1~ I tml 901r1<’ <I01 III~~I!W 2-1‘4’ liiW5~il~~ af1;v !,‘(I !)I- t l/l> I(,.;I! i\,cx 
orivlitat ioIl< o!‘ <lot5 i!l iltl.~.(~5ii.v ~li,l,i. at~(l Illi\ in i G IiIiI II,(VI I 1 

41 ark Ilil’il,~llrf’rrl~‘lli i (.w I’ig5 ‘: ilr!cl GJ. III *I (’ iirl,i! ~.UI~~I;III; 1 ici:r 
[Vis. 6), 4101~ ;II cIII.(.,~s~i\.(‘(lisl,i: ibr( 1~11;.ivtl ‘1~. Ii”. .~~iil ;ill ;illiili i 

au ;\,,*I1 w~mr~~l~vl \- tlli, i)ill’t’I i- l,~,ilt~q ]‘l<~tl<i:,~‘l. i. lill~~l4~ll(, 

cvr~lplllat ioll tbi. I\‘. Kroll ’ c(illiii.ltis tli;rt tli11 ~7,iitiiirr;it’~,ii of 111~ 
slots ;iriil ritlz(vl \v;i\,~g1~i(lv* i~,(l~~v libel <lt1sp~rt iI,<, .l<)t 1310.j~ 

\vlii(,ll iit~l~~‘am at 2 ~‘IXY~IIVII(.!- /,~~I~,\Y 111~1 ii< c.t.l~,r.~i ill12 I:Io,!,~. 111 
OI(!Cr to ilarllp 1 Iii5 rt~wlc, tllcs ( rltoK 01 !I,<- iwt aiiglil;ii~ w;li,i%;;ili, 1~3 

~ 
i~Ollli1 I:aX? tci I)<’ ~llc,~llilc~~l to lw lWlO\\. 1 Ii<’ .IW~‘l~‘l.i\l r,;<l 11~~.(,ll1.11,~,,~. 
If 011c \vcrc to tlo tliii. t II,, 12 of I Ii<’ accvlc~rat illg IIIWI(~ II( (1~1 1101 I),? 

significarrtl:; ilfrl’( ir~l si1il.v jii t~l~l;lrimtioll ib 0~~11~0~0:~;~1 10 111~11 

l,farrsillitlvtl 1)s. tliv grritl(a. IIo!i.(~~.(~r, iit tlli? jwiilt il i* liilt ~.lc~ii~. 

wllrlllrr t-his slot I~:c)tl,~ u,wls to 1)~ 4iulij)(~l I~W;~IIV it, t rili15\vr>( 
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Fig. 6. .i’.j] Plot: sluilll Lenn1 ap’dure, slots at 45O. 

5. Four-Cavity Assembly for High-Power Test 

‘I‘hr r.mt st,mcturtr shmm sclim~at~ically in the lower part, of 
Fig. ‘i has hcwl fat)ricatetl. hIally difficulties have IXY~I~ expcri- 
enct~l in tuning the 3rr/3 modr to 2S56 RllIz in this standiug- 
wave seclion. Annular plugs had to be inserted into tllc “beam 
tllhcs” at each end, arltl thr coupling iris size had to be dvt ermiuc~d 
cxperiment,ally to bring t,lie inputj match to 1.05:1. \Yhen thcw 
atl,justrncrrts wrrr rnatle correct.Iy, thp axial field profile sliow~i in 
tile u~)per part of the figure \~as obtained. With this configli~~a- 
tiolt, the relationship hetwcell the peak field in the Initldlc cavi1.y 
ijlicl the inpItt RF power to tlrc st.ructllro is known, pcr”lit.t.ilig 
tile fields at l~reakclo~vn to be tlctluced. As this palxr is beitlg 
prepad, t,he Iligh po\“er tests are being scl. up. 
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Fig. 7. Cross-section of high-powrr test 
structure, Gtli axial field profile. 
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