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Abstract. 

Each linnc proposed for the CERN Linear Coilidcr CLIC is 
composed of 50’000 2Scm long accclcralor scution5 opcrat- 
ing at 29 GHz with gradients of 80 MV!m to product beam 
energies of I TeV. Basic structure parameters have hccn cs- 
tablishcd and fabrication of thcsc sections by the clcctro - 
forming and machine -and - brnzc tcchniqucs is being in- 
hcstigatcd. Results obtained from various prototype test 
picccs arc given and discussed. 

Introduction. 

An cncrgy of I TcV per beam will bc ohtaincd in CLIC by 
classical RF accclcration using a high gradient di<c loaded 
wavcguiclc (DLWG) operating at 29 GHz. Although mo%t 
of the sections will have a circular apcrturc a small fraction 
will have slots. These slotted sections, when suitably oricn- 
tatcd and positioned, product RF quadrupolcs of considcr- 
able power whose main role is to crcatc a large sprcati in the 
wuvclcngths of the transvcrsc oscillations of the particles 
within a bunch in order to stabilize the dizruptivc trancvcrsc 
wake fields. 
The CLIC design luminosity L = 1.1~10~~ cm-2s--l is 
hascd on single bunch operation but could in principle hc 
increased by running in a multi-- bunch mode in which cast 
transvcrsc damping slots wouitl have to be workctl inlo the 
ncccicrating cciis. Although cmittancc blow -up problems 
associated with multi-bunch schcmcs make this option for 
the moment unlikely, the possibility of incorporating such 
slots into CLIC structures is being studictl. 
‘This paper updates and complctcs information given prc\,i- 
ously [Il. The influence of operating mode and slot height 
on the main structure paramctcrs is given. Results of 
mcazurcmcnts made on short stacks of precision mnchincd 
cups arc compared with thcorcticai predictions. Rc\,iscti cs- 
timatcs of damping slot length and water cooling rcquirc- 
mcnts have enahlcd the prcviousiy prcscntcd conccpluat dc- 
sign for a fully cnginccrcd accclcrating section to bc greatly 
simplified. 

Structure and main linac parameters, 

The basic CLIC accclcrating structure is matlc up of 50’000 
short sections of traveling wave disc ioadcd guitlcs. A rather 
large aperture to wavclcngth ratio of 0.2 is howcvcr ncccs- 
nary to limit the dcstructivc cffccts of beam induced tran- 
svcrsc wake fields to reasonable limits in single bunch opcr- 
ation. 
The main paramctcrs for phase matched structures with 
straight-sided discs of thickness 0.57Smm have been cal- 
culated by URMEL [Z]. The results have been prcscntcd 
previously as a function of beam hotc diamctcr [I] and arc 
given as a function of operating mode in Fig. I. 

One would like to have 
(a) a high shunt impedance R’ Lo keep the input power low 
(b) a high ratio R’/Q to minimisc the stored cncrgy 
(c) a high group velocity to minimisc the pulse tli\tortion 
and maximise the length of the sectionr. 
The above rcquircments arc best satisfied by opcl-sting in 
the 2x13 mode. 
The assumed design values for operation in the 2~13 mode 
at 29 GHz. are given togcthcr with the main iinnc parnmc- 
tcrs in Table I. R’ and Q have been rcduccd by C”,J lo nc- 

count for extra losses due to surface r,oughncss. 
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Fig.1 Structure parameters versus operating mt~lc. 

Table I: Main structure and linac pclravwtm 

Shunt impedance 109 Maim 
Quality factor 4112 
R’iQ 26.5 kn/m 
Group velocity (vg/c) 7.4% 
Field attenuation 0.25 Nepcrs/scction 
Gradient 80 MV/m 
Section length 24.8 cm 
Fill time and pulse length I I .3 ns 
Cells per section 72 
Sections per linac .50’000 
Ratio output/input power 0.61 
Total peak input power I X7.5 TW/linac 

I50 MW/m 
Repetition rate 1 .h9 kHZ 
Total average input power 3.5.7.5 MW/linac 

2.86 kW/m 
Average dissipated power 1.125 kW/m 
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IhC \ :Il.lilliOtl Of cffccti\,c rocus\irlp gt.;ldictll ((j) ;tnd cffcc- 

ti\c :i\i:tl clcclric i‘ieltl (Ez) a5 :I funclion of tr’:iii\\c~~ po\,i- 
tion O\CI the ap’r turc ha5 hccn in\c\ligatcrl for, ;I \is ccl1 
~lotled sttuctum using the R/IAfyIA 31) cotnpt~~ct code j 2 1. 

Ihc IC\IIIIY :lt’c ~ho\vn in figure 2 for :i slrt~c~urc vri(ll ;\ \II~I 
hcighl of 3.5 mm. The on axi< \:iluc of (;;Er. --0.S.5 cot vu- 

spontls to ;I pc:lk fratlicnt of 6X 1‘. m for :in cffccli\t 7ci.(~l- 
cr-aring field of X0 MV/m. .Allllc~ugll the cfCc‘ccli\c cnctg) 

pin for 01‘1 ccnltc pniIiclci ttx\cliiiig p:~r:~llcl ;iii~l pet pen- 
(licuI:1t to llic‘ xlot\ i’i tliffctcnl, lhc rc~l:rli\c tliffcrcncp 1‘01~ :l 
fc\v niict-on? of iian\vctsc tli~;pl:tccmcnt (lypicnl C1,1( lxta- 
Iron :implitutlc~) 2i.c ncgligihlc 

cl-011 arc in the 106 rnngc. 

v:!luc\ of AFC:‘li,, pcl nii- 
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f-ig.2 Norni:ilixctl fclcu~xing pr:idicnl ;intf cffcctii ty 
axial clcctiCc field \‘ci’;u~ :tpcrtrtrc posilion. 

Transverse alignment. 

lhc I-cr> small hcam ctnil(:lncc< tcquirc~l in C’l.l( (0 
;iihitxc t hc ilc\ign lumino~ily mu\1 tic conzcr\ctl 1 h~oltgh 
the ;tvcclcr;iting slruclurc :I\ t hc Ixxm pi\ic\ 1‘1011i the 
tl:iniping rings to the final liicu\. ‘Flii5 icl\ \cty lighl ItIlct.- 
;~nccs on the s[ructurc pilion. Rcccnl rc\ul(s 1‘tonl c(~tn- 
putci. 5iniul;tlicin\ of cmillancc g~~b:\‘th indic;ilc Iha tlic 1x1 
cttor\ in lateral displnccmcnt antI longiltitliri~~l lilt angle 
must lx Ic\5 lh:ln IO pm :antl 30 pt:ttl txxpcctivcly. Sincc i( ii 
uncctlain that \uch tolcr-ancc\ can IW oblaincd I,\, pu~cl), 

ytntic d&x5(. the poc;iticv7 of the :tccclct.:iting \cclion< will 
h:ix I0 lx continu;illy adju~~ctl \\.il bin ;I frctll~:tck \).\tcni 171 
prcci\ion tiio\‘cr5 using :I lwim tlcri\,cd ciiot yign;il. I hc 
\ui1;1hiIilj: of using 3 <implc cit.cu1:tr c:tlil!‘. co:isi:II lo lhc 
hcani ;tYi\ nntl cscilctl in the I:l l niodc I)! an rjl‘t‘ ccnltc 
hczm. ir; being \tutlirtl :I\ ;I poc\ihlc po\iticv pickup (Ic\ ice. 

Co~icrplual clesigtl. 

A \implcr \-cviion of a previously ptc\cnIcd [I ] c(~ticcplu:rl 
ilc\ign of Ihc Cl.iC main liti:tc ~trriclurc i\ \ho\lx in l,igJ. 
SC\ CIJ~ high pt cckioii uccckr;ilitig vxl ioil\ :lt.c 111011111~~~ (111 

:I ~c~rnii701~ \tippol hxim \vhic,li i\ ccltiippcd wilh ptcci\ioti 

1111,\ Cl \ at each cntl (0 cnahlc poyil ioning ct-IOV of the 
iltuclurc to hc cortccteil. 7 hc i‘tioi \ign;il i\ lpi01 i(lc<l 171 :I 
hc:~m po\ilic,ti nionitc,t which i\ huill in([) lhc fir\1 :t~~A~t-- 
atin;: xctic>n of c:ich multiple vclion itio~l~~lc. 

Fig.3 Conccpiu:~l &sign of the C’l.IC iICCClCl~~l~itl~ \Iruc- 
tLIK. 

A cross -~scclion of the structure ic shown in Fig.4. The 
structure is pt~mpcd (ht,ough :I vrics of t:ltli:tl ho/c\ (or 
damping \lots if incorpor:~tctl) by four v;lcuWl~ m;lnifold4. II 
necessary thcx manifolds COLII~ also :IC( ;I$ sink\ f01 the 

tliscip:ilic~n of higher order motlc cncrgy. The liiiti- 0 tnin di- 
amctcr holes which provide the coolin, 11 hn\c been poxitioncd 

in Tuch a way that two diamclrically c~pp~.ctl rccc\\ctl bob 
can hc incorporxtctl in cast tlimplc tuning ii; rcquirc~l. ‘l‘hc 
cr~itci- tliomctcr of the structure ic uwl ;li Ihc rof~rcncc for 
alignment purposes during fahricnticln. 

Fig.4 Crok5 xcclion or Cl.l(Y ;~oxlcr:tling ~;lt~~tcl~ttc. 

Fabricafioil by llte machine and I11xe frclinicpc. 

The fit-\I clclixt y (If ;t 5m:ill xct ic\ 01‘ 3.5 pi-cci<iori ni;icliiiic<I 
cup5 has hccn tnatlc antI ftcqucnc’) rnc:1~~1t~cnlc~1i~ 011 ~hor1 

tcsl <lack\ Cvx F?g..S) :iic tiiIc1c1 \v:I~. 
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Pig.7 hlea5urcd tlispcrsiot~ curw for a six ccl1 \t:tCfC. 

Fig.5 Tc\l slack of nixiiinctl cujx (?O.W5 Gf 17). 

Faldcation by the electroforming teclmiqur. 

I ht crq7pc1 cups shown in Fig..5 7vc1c m;rchinctl !I) I pm 
tc~lctancc~ and NI surI‘:~cc finkh (R, ~ 0.025 //ml (1~ :I 
f’n~unlcl Ms(; 325 cjianiontl tool I:lthc. ‘1 hit t\i’o ;l\.j4 ma- 
chine ha\ CNC ctmtrol, clowl lot>p 1aw1 intro Il.tclwctcr 
I’wtlh;tch with 25 nm rc~oluiion, I ibt :ltion iwf:ttion :II;~ :rit 
be:trin,e \pintllc ani! \jidci. 7hc \ix cell Ic\t 5lack\ will Iw 
I>I:IIU~ :II CERN under \lighl :t\;i:tl comptw\ion in :I i‘rcc 
h:tnging pcviitiwi after prcci\icbn nlignmcnl in :I V hl<x~li. 

FiF.Cl Prcci\ion machined coj~pct- cup\. 

Frequency measurements. 

-Ihe rcwn:~nt frcclucncic< of the funtlamcntaf p:lCS h:tntl 01 
the unhr:tzctl 5lack of 4ix cell< wctK mcnstlrcil at 22°C‘. in 
ait. ‘j‘jic t~csufting tlispcrsion cli:tgr:lm i5 shown in Fig.7 to- 
,ylhct. r\ritil !hc pictjictctl compulc~- v;tIurc;. the agtccincnt ic 
hctttt than O.i’!;l. 

Prolotypc wet k h:~z started \vith the aim or f:lh~ k‘:tling 

ccwpfclc section [cng(h\ hv <1cpwiting copper onto Oi~pc~~:~- 

hlc prcci\ion m:tchincd mnndt-cl<;. Filling the 0.55 mm \!idc 

gtt~ow~ with cctppcr withott! rwniing vniils ot- c~:tcfi\ i\ 
howcccr ptvhlsmn~ic. Two tcchnicjuc\ ;ttc lving \lu(lic~I. in- 
trrdiicing clcc(roilc~ inln the g10w cs to cl-c:rlc :I mimic I‘;I\ - 

ournhfc ficltl tlictt ihution, anil jcl \pt.:i!,ing clcc.1 I ofytc 
through fine nozzles onto (hc hottom of the groc~\c\. Sut,- 

fact finish studicy ueing aluminium Ic5t wmpfc5 h;t\c \ho\I~n 
that jhc aluminium curfacc is tlctcrioratctf during the j~rc- 
trc:il mcnl j>~‘occv (etching :~ncf iincnting) c\‘cn lvi‘ot-i, ilcp1)- 
<ition of coppct. lqzinr. Much hcttcr Ic‘;ttft\ hit\ c hccn oh- 
t;tit?cd 13) IirsL tlcjwsilin~ 2 2 pm I:iycr IJI‘ high j~~.it 11; ,~xjf~jw~ 

i-q c~aporation under 1 :~cutiiii 0nlc1 ni;tndtcfc \vhic,? jl::w 

xinipl), hccn ~.I~~~rc;~vxI prior to jlu!ting lhcnl itIlt 1111‘ cfh- 
trolplic lxtlh. 

E41it7i:itm or 111~ ptcsstlt’v cln asi\ ttndcr fttll po!\c’t :,iliicli- 
tion\ h:r\ hccn m:rtle for the ~conictt~ \ho\vtl in I’i!!.s l~or 
oulg;ih\ing 1’3tc\ of 5u10~1° lr>rr.l 4.ctn2 iii lhc ccl)\ :tnd 
I Y IO ’ ’ fort .f:“xtll 2 Cf~Cn;IlCW f;or r;idi:tl pumping 01il) 

with 0.X mm hoIcY linking: the ccII\ fan lhc ni:inil‘c~l~l. lhc 
prcssut.c on asi\ for an inx;taffcd f>umping \jwc(I 01‘ ?O I \ 
\v:i< c:llcula~ed 10 hc 5YiO -s 101~1~. [‘(~I- end pumping onl! 
lhc masinium ptwwrc foi Ihr w[‘ic j1umping kpcctl il:t< I‘\- 

I .Wilson et al.,IC)XX Lin.Acc.Coiif.,Willi:tm~hut-F. 
c IRMEI., -t- MAFIA comprttcr codes, T.Wcil:tntl. 

Acknowlrdgemmt. 

led to lx I 2~10. ! tot r. 

References. 

I)f:sY. 

Thanks arc due to W.Wucn~ch for the clcctric:tf mc:t\utc- 
mcnt~ and C.Achnrd for hi\ contrikuiion\ 111 the Ict.hnic:tf 
tlc\igti. 

105 

PAC 1989


