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Abstrad. 

An energy of I TeV pcr heam will hc ohtained in C I .le hy cla" i".,1 
RI ' acceleration using a high grad ient di sc loaded wa veguide operatin g at 
29 Gllz. The basic paramelers and rcslliting technical requirements of 
such a structure arc given together with a com'eptual design of a po"ihle 
engineering solution . Special design features and dif"ficultics ""ociated 
wiih the two most likely ways of fahri cat ion arc di scussed and li"t results 
from prototype tests arc given. Attention is drawn to the po"ihility of 
surface damage hy fatigue from induced cyclic slresses in pulsed operation 
for cxcessiv<: clectric field grad ients. A heam - deri ved signal from a mi
cro\\'a vc position pickup incorporated int o the main acceieratin).! sections 
is foreseen for ali).!nment purposes. 

Intrndlll·tinn . 

In the mid 19RO"s when it hec"me clc-ar that n(\ major hreakthrou).!h 
in fH~ \\' :ll.:cclemtion techniques w~s iTlltnill(,llt. ;Itt ent iPIl returned to nu lio 
freqllency acceleration \\"ith the hope th"t the principles of the c1"ssical 
travelling wave linae could he ad:,pted 1(\ the requirement s of linca r col1i
dns . The w"rldwide elTort devoted to thi s actil'it y ol"l.'r the last 1(-\\' IT" rs 
Iws pro \'ed to he particularl y rewarding and " I"r).!,· c(\ns,'IlSUS no\\' he
li eves that R F acceiewtion - "cla ssical"' in principle hul not at all ill thc 
chni lX' of ran:lITI ctcrs nor in the kchn() log~1 reqllired - i .... the most prolll
ising :lJlproach to linear coll iders at thi s timc. I\n enl"t"gy of I '1 e\' per 
hemn will thercfore he ohlained in CJ.lC hy eb " ic:d R I' ,uTciIT" tion 
using a high gradient di sc loaded wavegu ide (1)1 .W("i ) opcralin f( at 29 
GIll. . 
This paper describes the main parameters ",HI I"<·sulting Icch"ieal require
mcn1 s (,r such a .s tructure and gives a conn'rill a! design of a possihle en
gineering solution . IVb nufaeturing tcchniqu ,'s an' di scussed :lIld 1'1:111' f(lr 
proto type t,,,t pieces arc outlined. The cl](lin' a"d interdependcnce of 
CI .IC general machine parameters is deserill("d ci s,· I\·herl·1 

01'" \\'a)' to oht"ill I,i gh accclerating gradients at '''Tcptah le IU " pOI\"l" r 
to healn p(l \\'er emeiencies is to nper:l1 e "I ver\' high frequencics. Valul'S 
arollnd .10 (Jil l. (Inn wavelcngth) ho wever appear to hc a li mil impo"'d 
hy Ir:lI lSverse w" ke field prohlenlS and j;,hric,lion dilli cllitics. The dc
strudi n: dkd of h"al1l indnc"d tran SVl"rse wake field s illlTe;"es \\" ith the 
third P" WCI of the frequency hut can h,' held \\" ilhin n;asonahlc lilllits in 
single hllneh operation hy adopling til<" r:,th l"t" farg" apcrlmc I() wan'l
ength r"tio of 0.2. 
'1"I,'c h"sic ce ll of the C I .IC structure is " I'arianl of tlw usua l 1)1 W(; 
whic h after investigating alt ernati ve crnsshar ,,, ,,I 1,,,ldIT stl"1l <: III1\'S) \\'as 
found to h;1\··,: an c'lVera ll performance which is dilli cult t() heat. 
r'v"'i" p'lI"an1l" ters for phasc matchell struet .... es with str"ight _ .. sided discs 
of thickn,'ss O.575ml1l as calculated hy I IR MI ' I .. 1 '11\: gi ve n as a f'"l ction 
of 1""'"1 hole dimneter in Fig. I. It is sho wn laler that Ihis sil1lp'" g" ,"n
etr)" is l1Iodifi"d to suit the dilTerent bhri c; l1i nn tedl niqll"s bein).! iI1\"l' sti
galed. Onc wou ld like to ha l'e a high , hllnt impeda"ce R ' to h·.l·P Ihe 
pe"k power loll', :, hi!!h R '/Q to minimise ave ra ge powcr, :lI,d a "'.'a""l
ilhly high group \'e1ocity Vg to nlini,ni sL' pulse di !'lortioll :!Ild 11l ;D:irn isc 
Ihe length of thc sections. Tlw. as" nned desi).!n 1·.,It,,·S for olll' ralion in 
Ill<" .~rr ! . l mOlk :l1 2q (;11 / .. arc give n in T,,"k I. V"lues of R" a"d () 
h:ln~ I)('en f('d u(:('d hy SOAl to ;1(:('01l01 ror ('x lra lo sses dll(, In ~ lIr1;H.:e 

rpl l !!. hll ("'~. 

Tro"s l"(' rsc ",akdidds c:'n he stahili/.cd hy IT,·atin).! :1 large spn', ,,1 in the 
\\"'"Tkn f!th , of Ihe Ir;ulwerse oscillations of tl", pal1ick s within a I" ulch 
hy R I ' f(l( 'ussing4 A sm,,11 fmclion of the :'I"("('ier"ting sl.'c tio" s will 
th .... efmc·. h"IT "n a,Yll1 nlt'tri e aperture (:, slol in s,,"ad oj" " cirl"l,lar hole) . 
SlIch sc cliPll s whcll ori ented a1t('rn;lti n' I ~: at t)(J d{' g.rees with r('sped to 

Oil(' ,,"(\ ther at ' nitahk period len!!t" , prod''''l' R I' qll"drul'"ks of ("on
si(h-rahk Iransn' rs(' f()cu ~sing PO \ .... tT wil lll ll il apprec iable lo ss or ,..:.h 1111 1 
illlp"d,uu'e f(lr "("("cler,, ti oll . The iul1u l" nce or sf 01 height on dkctil "C f()
cll s"i,, !! wad il.·nt «(i) an,l e lTeeti \"(' " , ial l"ie(" tri (" fi eld (1' /1 h,,' h("1" 1l i<lws
ti !!",,"d ror a .s ix ce ll structure using the 1\.11\1 ' 1/\ .\ f) ("(l lTlput <T code·l. 

The on axis valuc of Ci /Ez = n.RS fOllnd "n' " 1.5111111 slot cO 'TcspOlHls to 
a gradic'nt of 2:l T /1I1 for an elTccti ve ac("elerat ing flcld of RO MV /1I1 and 
an ' RF phase angle of 2()0 from Ihe peak. It should he noted Ih"t for 
maximulI1 focllssing there is no accderation and vice versa . Although the 
elTeetivc energy gain for olT - cen lre p:u1ides tra\"ellin).! paralld :lnd PCl"
pendicular to the slots is dilTcrcnl, the rel :,ti ve differences for" ,,"II" mi
cron.s .of transverse displ~ce~ent (typic:,1 C I .I(: he tatr~\alTlplil'Hfe.s) ,n'" 
neglrg'hle - values of ~r'./ r ',o per mIcron are III the 10 . r:lnge. 
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l ' ig. 1 Variation of structure paramete,", lI' ilh hea l11 hnic di '"lleILT. 

It is seen from T ablc I that struct ures lI' ith . \ . ~ mill slnl ,,"d iri Sl'>' h,, " ,,' R I' 
ch ... r"deristie s comparahle to those of , tmctu ,,'s lI' ith 4.11 111111 di"'"1l"tLT 
round holes. 

'j"ahle I : Slrwlllre 1'"r.,/I1(·I,"/"' ,II 2') (; 117 

Aperture Ronnd Slolll'l l 

l)ilt1Cll Sio ll I1lIIl 4.11 .1 .. ' 
Shunt illlped"nce R' MOjl11 1(11) 1.)Il\ 

Qu:, lit )" factor () 4 11 2 . 1'l~1 1 

R "iQ kUi ll1 265 H .\ 
(fronp vdocit y vg./c "' 7.4 'U · n 

Using tl", val LI es for a 4ml11 circular hnie "nd stri king a rcasnn:,hk , 0111-

promise hetween pe;,k and averag.e pOIH'r hy chnosing a fidd ;'1I ," Il1:1tion 
of 11 .2.' Nc·.pns/section leads to the linac paramclers gi\'en in Tahk 2 f( , r a 
repetition rate of I .(,q kIll. "nd a pulse ,,"nglh "'1u,,1 to the fillinf~ tin1l' Tf-

"l"ahlr 2: Main lin,lc I'(//"(/II/( ·I("/".< 

Ciradil'1l1 
Sect ion Ien!!t h 
I' ill lil11 e 
( 'dls per scd inn 
Sect ions per linac 
Rat io output / input power 
Tot al peak input pOlVcr 

Tot:" al'nagc inpnt power 

;\ I'C !"a gc di ssipaled powcr 

XII MV /r ll 
24.R rill 
11 .. 1 ns 
72 
51l 'flIlil 
11 .1>1 
I. X75 TW /Iinae 
1,1) MW!m 
:1:- .7 .' I\-1W /lin al." 
2.R(' kW /m 
1.1 2) kW /111 

Tnlerall("('S :11111 Sill'!":"'" nn;sh. 

I'or 51)111)0 sections pcr iinac ami 72 cdls pIT se("t ion it lI'ou ld he " weal 
ad va nt :,).!,· if eve r)" cell did !lot have to he indil 'idnall y tuned . I·h,· k l"l" l nf 
tolerances required on 1nain cell dilll l' lls ion <.; ill order Ilnl 10 l'xn'v d ;1 gi\·
ell ph"se error per edl (A",) call be estimaled as fi,lIo\\·s. 
v ~ (),m! /',.(I = 1.(Am/(/',.,/,) II'here the 1:(,11 kll ~lh I -~ cj.lI" f(lr 2,, 1.\ '"O"" 
Ift~wrilil1g thi s. expression and as'\lIl1lillg a ... a HlIl .!.!h apprn Xill1 ,llio ll tlt :,1 
M /f = I\I)/ 1) gives /\f)/ f) ~ ( vg/e) ( .1~,/, / 2rr"l. 1\1I(l\I ' i,,~ a .j .'. ,;n t<1 lal 
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phase error over a section length the Lm.S phase error per edl is 0 .60 for 
non system atic errors, and + 1- 0.070 for systemati c errors. The corre 
sponding tolerances are + I - 3 !l.m and + 1-- 0.4 Illn . There is a st rong 
hope that tuning can be avoided by machining all ce ll dimensions to less 
than + I - 2 I,m. 
Theoretical estimates of degradation of Q as a function of surface fini sh 
and sk in depthS indicate that for copper at 29 C;I1z a fini sh of N2 
(Ra = O.OSf) 11 m) is required to o bta in 95% of th e theore tical Q value. 

Transverse damping slots for lIIultibunch ol)cratioll. 

Four eq ually spaced radial slots of rectangu lar cross section arc foreseen 
to channel away higher mode energy from the centre to a dispersive sink. 
The slots must be wide enough to allow the lowest frequency ddlccting 
mode (F' II) to propagate. T his mode has a frequency about 1.5 times the 
fundamental and the minimum slot width (.1' 11 12) is therdi)fe "" ).O Ii3 
which is unfortunately the cell length for the 2rr /.1 m ode. Th('re is good 
hope, however, that slots in every second cdl wi ll be su llieient. To be ef
fective the slo ts have to cut through the discs. 

Surface heating. 

The hi ghest accelerating gradient at which 1)1 ,W(;s can he run is lim
ited amongst other considerations hy surface hea tin g. Although the ex
treme limit co rresponds to the melting of the cavit y wall s, a more re,dist ic 
limit '" shown below is probably the appearance o r su rface dama!,c due 
to fatigue cycl ing under thermally induced stresses. 
Using the dissipated power distribution a long th e inside surface of a ce ll a 
maximum flux density of P a = 172 kW Icm 2 was found for a single power 
pulse in the first cell of each sect io n where the losses arc hi ghest (75 
MW/ m). For a metal surface at an initial temperature To wit.h hea t 
suppli ed at x = 0 at the constant rat e I'a per IInit area for time '1'1' the 
maximum temperature occurs at the surface ( x = 0 ) at the end of the 
pulse ( t = lef ) an d is given hy 

Tmax = (2 I'a IK ),J (KTfl rr) 
where I< = Klpc, I' is the density, c is the specifi c heat and K is th e 
thermal condueti vit.y. It. can be seen from J'i g.2. where the temperature 
increase is plo\ted as a function of di stance from the surfa(T. that tran
sient e ffects are confi ned to a vcry sma ll sllrf,u:e la yer of about ten times 
the ~; kin depth, and that the large temperature gradient wit.hin thi s sur"'"e 
esse ntiall y disappears after 1000 ns. 
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Fig .2 Temperature incn:a,c in the surface 1"'·IT. 

I:jg . .l shows sLlrfncc t CT11PCf;l tUfC as a funct ioll of tilllC', the titlle 
t = 5'1 170(J ns co rresponds to th e time hetwecn pul scs. It is d ear from 
l'i!!s.2 and l that the transient prohlem is a single pulse pro hie III :l1ll1 is 
essenlially independent of the surro n ndin!,( !!c01lletry. Th e ITst"ling 
rnaxinllnn su rface tcrnpcratuTc increases afe 

"'Tmax = 5.6 CO (for Ril il. l V : m) 
"'- ['max = 22.4 Cn (fo r 1f,(J\IV /m) 

Fill' slich locali sed su rf:1ce tel1lpCratlliT ","adit'nts the indll,','d tlllTln,d 
stn' ''''c<.; are 1!ivcn approxi m ate ly b~! 

" = - E ·, 1.\1' 

whne I' is the I\ l odulus of E lasticit v, " is th t, ull'llicient or the nn ,,1 "x ' 
pall~i()tl :1lld 6.T is th e t (, lnperatllr~ In .... rt':\<:I.'. Th t' Ill:D:.;tnUlll induced 
cyc li c st resses ,If(: therefore 

<7 = 0-> -6.8N/mm2 (for ROMV/ m) . 
" ~ (J -> - 4l N /mm2 (f()f 160MV 1m) . 

Fatigue data for OFIIC under these conditions is not readi ly availahle, 
hut as an example for reversed cycling of + 1- 50 N/ITI~2 at morn 
temperature, annealed OFIIC has a lifetime o f o nl y lOR cycles. Test s a rc 
needed to estahli sh whether or not thi s is sl'rio us prohlem. 
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l 'ig.3 Surface temperature dec~y with time. 

Transverse alignn1('nt alll\ Iwam pickups. 

It is foreseen to maintain the transverse al ignment tolerance a lo ng the li
nac - calculated6 to be about 10 II.m - h y act ive feed hack using preci
sion movers and a heam derived pickup signa\. The simple circular cavi 
ty,coaxial to the bcam axis and excited in r: II mode by an ofT - cent er 
hea m , form s an excell en t position pickup with the potentia l o r micronw
ter resolution 7 Incorporating thc p ickU p int o a ri gid ly supported ,truc
ture with a precise reference to the movers is hO\\'ewr ("sentia \. 

Conccptnal dcsign. 

A conceptual design of the C I .IC m ain linac structure is shown in l ' ig.4. 
Four high precisio n accelerating sections arc inserted into the cen tral bore 
of a 1111 long copper cylinder which provides llI echanical support , water 
cooling, vacuum pumping, the input and output \\'avegu ide feeds and th e 
higher mode dispersi ve si nk . The connect ion hetween cy linders is sho wn 
in FigS lIi ghcr mode energy prod uced a t the gaps hetwee n sect io n 
lengths is ahsorhed hy lossy ceramics. The ends o f adjacent cy linde rs -
rein lclrced with stainless steel rin gs and machined to he concentric with 
th e central hore - sit on a commo n V _. h\ock and ga urantcc continnit y 
of a li!!l1Inent. 
The pickup monitor positioned at the entrance 10 each f(nlr section lo ng 
module has two ,,"'Is whi ch a rc slotted for multihllnch operat io n . 

h g.4 Conceptu a l design of the CI ,Ie ,,,.,.c\eratin g struet urc . 

Fahri<'atinn by brazing ('npp,'r ('nps. 

Short test stacks of precision machined cu ps as shown in !'ig.r- ha l'e bcen 
ordned from indu stry and will he hral.ed a t CI'. R N under sl ight <lxial 
<:() 1l1p n.'~" i (l tl in a free ha nging ro~i ti C'n after pn'ci'\ion :l ligIlITlt'nt in ti le' jig 
shown in Fig.7. This particular choice of cup geo metry simplifies ma· 
chin ing <lnd puts the hrazed joint in a coruer where th e elect ri c li"' d is 
101\'. h,e copper cups will hc machined to I he req uired tokran'T' and 
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low. Thc copper eup~ will be machined to the required tolcrancc~ and 
surface fini sh on a I'neumo MS(J - 325 diamond too l lathe . Thi ~ two 
axis machine ha~ CNC control , closed loop b ser int.erl(: rometer feed hack 
with 25 nm re~olution , vihration isolalion and ai r heming spindle and 
slides. 
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Fig.S Connection hetween CI .I( ~ 111odules. 

Fig.6 Short test stack of precision 111:lchined cups (2').'JR~ (ill /.j. 

Fig. 7 Al ignment in V - block prior 10 hraling. 

Fabrication hy ('I(,(otrnforlllil1~ . 

Prolotype work has started with thc aim of I:d>ricaling c0111plele scct ion 
lenglhs hy depositing coppcr 01110 di sposahle prec ision 111achined 'nan
drels of the f(Jrm sho wn in Fig.R. It is ak nowled g,od however lhal to "b
tain the required tolerances and surface fini sh on such long 111" ndrel" I'" ill 
not 1)(: easy. A small development pn'grmn I",s h'T n init.i"I ('(1 to 

find way~ of filling the 0.55 mm wide groove~ with copper 
without forming void~ or crack~. Idcas heing considered a~ 
well as modifying the cell gcometry to have rounded corner~ 
include introducing electrodes into the grooves to ohtain a 
more favourahle field distribution and jet ~praying through 
fine nozzles onto the bottom of the grooves. Test~ arc un
derway to find appropriate ways of di sso lving away thc 
mandrel without a significant deterioration of the ~urface 
finish of the e1ectrodeposited copper. 

Bot.h the c1ectrofortning and hrazing techniques have heen 
~uccc~~fully u ~ed in important pioneerin g work in this ficld 
to fahricate the JIGS 3l GIll. structurcs at l ,ivcnnoreR 

Wire machining of rcdangular slots. 

It i~ proposcd to cut thc tran~ver~e damping slots (I mm x 
1.5mm) and the input and o utput wavegu ide ducts (7.lmm 
x lmm) by elcetroerosion using a con tinuously running wire 
in demineralised water. This technique has an accuracy of 
about fl.O I mm and produce~ surface finishes "f NIi/ N7 
(O .R/1 .6/,m). A ~Iotted C I,Ie cross scction is shown in Fig.9. 

Fig.9 Cut thruugh cl.Ie cruss «'<'tinn shnwiug transverse slots. 

Vacuum. 

The sect ion lengt hs are pumped from four 20111111 diametcr 
manif" ld s via the Ira n ~versc damping slo l ~. !'ir~ 1 eslimates 
indicate th" t for an assumed outgassing r"lc in till' cclls un
der fu ll power of 5x \0 - 10 Torr.l /s.em2 " pressure of \0 .- 7 
Torr shou ld he possihle. 
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!'ig.R Alu m inium mandrel (75 cell s + 2 p ickup cell s) f(>r 

29.985 (illi.. 
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