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Progress on the Final Focus System for CLIC 

Olivia Napoly’ and Bruno Zot,tcr 
CER.N SL/AP.CH-1211 Gene\-r? 23 

Abstract Tllr, l,l.<‘hi.:lt \tatrls of thr final focus qitrrn for 
C.‘LIC’ i’i rl<,5cril,rtl. 111 ~r~~l~~~ to millimizr both geometric and 

i-hrtxu;ltir~ :il)fTrfatir>nh. it cousi5ts ckf chromatic corr~fion src- 
ti~alli \vitil p8ir<; of srstlq~cdrs fol, rarh planr ant1 dipoles to m&r 
tli5, uc~rx:ssary ili~prsio:~. An cq,tiiilizrtl tclrscol)c rompressPs t,l~ 
1~871in to thr, <l&rccl 5pot Gc. Llmlinnsity rnhanrrment ;!TW 
to l)ilkcliili,q Ilit:, ~WVU stl1tlirtl nsiilg the particle distribution iii- 
clilr!il~g ~~~l~~tlrotl~u~ riitli~ltirni iii c~ua~liIi~xdrs. assliming i-m rq\inl 
lV111~ 11 liiwtill,~ Ilt~;‘rt-oll. Corrrrtiori of orbits in the preseucr of 
1’5:.,iri<01 ;iiisl c,scit,nti<>il c:roi’\ has l)Pen str~tlird !q. rompl;trr silli- 
~l!;ltion. 

1 Introduction 

T11c~ F1ui11 Fr)c~~z S!.~t<~u (FFS) of C’LIC’ should achieve a~ RlIS 
.li’,r X,7,’ of GO x 1‘?,1!,,: [l]. FOX bunches of 5 x 10’ particles 
~IIIIW(I ;it 1.69 I,-Hr tlils ~orrc~po~tts to a Gaui.&u luminosit> 
cc; 7 4.; x 10” c,,,-?..-I or. taking into account the rspectrtl 
~,~I~I:III~.~.III~‘~I~ tll~, to tile l)illcll cffkt, to thr design luminosi t> 
L 1.1 x 1O““r /J)-‘.%-‘. The tran~c~~ cmittanres and hlulch 
i~~~:lli ibrc si\-pn 1):. tllc- C’LIC l)ilt’amPt~ list [l) 

f, = 1.5 x lo-” !il 

f Y = 0.5 x lo-‘? ,11 (11 
il, = 200 /“‘f. 

11.~. Ill*~cril)t~ 11cr<- the preyicnt statlls of thr~ FFS by discussing MC.- 
k.t~s>,i\~~~!)- t hr 0ptlt.Y tksign. the cfkt of sg’nchrotron radiation. the 
c.o:1ip8~tiitio!i of t~uilino5it~ eIIIianc~nient, autl finally the corr~c- 
tit)l! of misnli,~nmcnt errors. Detaiktt accou~lt of the first t,wo 
itl’lllh (‘at! l,r iim11tl ill [?I. 

2 Optics Design 

C’c ~111p1~1wion of ttir transl-erse Iwsln size is provided by a -~-tens 
:(~lcs~~~q>i~ \\.itll l~~~rizoi~tnlx~-~~rticnl drmagnification of ‘75 x 75. 
TIM% I;lqt t\vcj lenses i7r(’ I~lrctl 01; p(*1manent magnet. quaclr~q~~tes 
\l.it,tl 1 ,J~J,T tlianlc~tc~i~ all11 1.4 T/~,rr,/ llote-till field [3]. The s&ctetl 
.i~lcsc~q)i’ optimizes thr folttn\-ing figurr of merit 

1 
F = c, 1, x c, I zl (2) 

\r-l:?r(, i, arc the 5 clrift l~~n~tlla niltl y, tht, 4 quadriq~ol~ st,rengths. 
Its tcJt;ll lrlkgth is .L,‘,,, = 1.‘S.47?1. Its lattice layout and orbit ij- 
ilulrtic>iZs ;\r~ tli~l>layetl [4] in Fig. 1. With a typical energy sprc~ad 
(\ I= 9 

“, 
zz 2 x lo-“. the chromatic abrrrations, Psprcsscd by 

lar-I. VYYQI~I-I~IIC~ c~c&ificirnts [5] T,,,; = 370 r71 and TsAF. = 140771 
a~(- r(~sl)(>~isibll~ for il l>lo~up of the transrersc sizes of a bum 
11s a i’;lctc,l (If o\~%r 12. -4s in thr SLc’[6]. tl llasr aberrations ikt’(’ 
~“.(~-~.~~~~~1~C:~s”trcl in 2 C’hrcmlaric C‘orrection Section (CCS). SPX- 
t.ljboI,~~~ 211’e 1)tau~d into n rep$on n-lwrc nomZPrc) disp6Gon is crc- 
at (~1 II>- l)nxtiug m~g~~ctx. Ttlcw- wxt~ipolrs in turn crPat,e second 

-I’vL,,I,I,iC’,,+ rlLlrlrPnn I~I’II.w3T..\S. CEK SAC13y 911n1 Gif-sur-l’ve1ir 
( ‘k!F\. i’i .iliCC‘ 

or&r ebcxrrations. Honda-. thr ln~rcl~- pmmik+i.ir. oui-5 ilw cul)ic 
in the cosine and sine rqtics functioni. p~aluatc~tl at tl>c* lorit- 
tion of the sestupoles. Therefore t,hry cancel whr~ losing a pair 
of q~al-<trPngth spxtrq~oles separated by a r-pha.he shift. OYC1 

whirl1 the optics functions change sign [Sl. On t.hr other hnntl. 
the purely chromatic aberrat~ion. given by TL66. is pro if the !lis- 
persion is equal at, the two srstupoles. Finally. the sestupole 
ccintrih1rtioc to r,,, and T& is zero if thy hr. ilL Imtli plains. ate 

a nnlltiple of K/Z phase shift from t.he IP. Thw. thr* srstu~?olas 
tlo not protlucr al:;, second cirder abt,rraticms apart frvin t 11~ tb 
A=d terms TkzB and T&s. The corresponding contributions of the 
telescope can then be compensated by adjusting the strrngths of 
the srst.upoles. 

All this is achieved by placing each sestupole pair into a ?ir- 
phase shift regular FODO lattice wit,11 half q~~adrupolr~ at l)orll 

ends and q-mmetric with respect to its ceutrr. I3oth half-ccllls arc 
itlenticnl and also symmrtric with respect to tllrir center. I\-hcrr 
the phase shift is ~1~ “1 and thp srst,ulmles are l<)cntkc!. TIN, tlis- 
l)rr.sion creak1 by two iclrntical bending magnetk is symmetric 
with respect. to the centrr of the cell. This implies that it van- 
is les 1 at both ends of the 2s-sections. In the vertically correcting 
.bection. the sestul>oles are locatctl at masimuin j, and l~uce 
coltple mainly to the vertical aberration T s4s. In the horizontally 
correct,ing one, t,hr sestupoles sit at masinnmi bX and couple 
mainly to the horizontal aberration T,zG. This is done simply 113 

reversing the sign of the cell qlmdrupoles from one section to tllp 
other. 

The complete C’C’S k obtainctl lg. coscatcnatii!g the horizontal 
and vertical sections. Its total length is Lc,c,s = 3’70~~7. Its lattice 
layout and optics funct.ions are shown in Fig.2. 

3 Synchrotron Radiation Effects 

In this design the se.utqole pairs are not int.erlact~tt. t,lierta’i)) 
avoiding a major SOIII‘W of thirtl order aberrations [$I. Forul(ar 
ttesigns \rit.h iuterlacetl sf~stul)otc~ pairs allowc~l a rr<l11ction <lf 111r 
number of dipole magnrts and of the total Icn~th of rhcl FFS. l)ut 
wer(~ abandoned because of th& too small ~crgy accrptauccs. 

However, Eden in our design the sest~~potes sho~~ltl uot be tot, 
strong because of higher order aberrations. Sestupolr strengths 
are inversely proportional to dispersion and h(ziice to the field in 
the dipole magnets. These fields too must be kept small in order 
to keep the emit.tnnce growth due to synchrotron radiation in the 
dipoles at an acceptablr lrvcl. Beam tracking analpsis leads to 
245 Gafrss as the optimum value for t,he 19 771 long tlipoles, cor- 
responding to thr moderate scstupok stl,engtlls of 90 J>I-~ and 
290~ri-‘. The energy acceptance of tht= resulting FFS has been 
r&mated with hIAD [4] by c&~&i ting the rlepenthcr of ji’ 
on the energy offset. The rPs\dts are shown in Fig.3. The band- 
widths. defined as doubling of the beta funct,ions. are ztO.41 x lo-’ 
horizontally and f0.65 X lo-* verticaily. 

Tracking through the FFS is done with DIhlAD [S]. The main 
results are as follows: 
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Fi,qlwe 1: Lntticc ~IKI mbit flmctious of the final telescope 
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Fig;uw 2: Lntticc and orbit functions of the CCS 

Figure 4: Luminosit~y dependence on horizontal anti wrt ic;rl ch- 
tances for a perfectly monochromatic beam 
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Figure 5: Beam-Beam efkct for head-on rc)llisiou of IWO I)IIIIC-lws 
at the IP of CLIC 
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Fig:luv 3: Horiztrutal MCI vaticnl energy ncccptitnce of the FFS 
(,PJ’ = 4.17y17~ = 1.F2m) 

Figure F: Rcductiou of Iuminosit~~ witll RhIS misnlignmcwt I~LIO~ 
+ of magnetic elements and pick-ups in thr CLIC FFS 
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Table 1: Operating the FFS at, dikent energies 

Ewgy JTPV) 1 O.i3 0.5 
(7; (nrn) 113.s 123.7 1902 
(7; (ii/l,) 

L- 

‘S.6 29.9 37.s 
L ( ?o’3Jc~i,, -2c-1) 1.71 1.71 1.38 

I ! Synclwit ran radiation in the lait qua~lrupoles. 

111 ortlei ti, isolarc~ this efkt from the one of chromatic aber- 
1 ations we have considered a lno1locllro1natic beam, i.e. with a 
VU>- +nall rrlati~~e energy spread n < lC+. \TTe found that for 
the tlcsign eniittanres the Oidtr effect IS.91 is quite sizeahle and 
ltion.S tlir IJt’iilll SpOi size np by a facto1 I?. As shown in Fig.4. this 
c,fl’cct is criticall!. th~pen~lent on the rmittanres. \Yith both the 
rl<Ggii elnit /ancc\ llalvetl. it nearly vanirhes. On the other hantl. 
!\-e ~lu~ketl t~hat fkr fixed q~1atlr11pole strengths. it is iudcpendent 
of the, cwcrgy of tlir beam from 1 Ttl; down to ‘750 Tel.‘. 

‘1) FOI il brani with a Gausiian energy sl>read of ‘7 X lo-‘. thirtl 
anti higlwi waler al,erlations add up to the former effect, The 
~)l~tiin1un Iluuinoiit~~ cil,tnined is &: = l.il X 103’ crfz-2.>-1 ,‘OITC- 
~~wu~ling t,tr ;Ihout 114 x 17 nn?’ sl)ot Gze. When the pinch cffrct 
i< 111~~:11~Ic~l [lo], one fintls G = 3.0’2 X 1P2 cl)1-2s-1. a luminosity 
~,llllill~~.c’l~~~~l~t factor rd 1.7; is foluntl. TY.c are still a factor 3.6 
below tlu, <Ie.\ign l~ullillosit~-.Hc~\\-~~~~p~. halxing lmth tile Iwrizon- 
t.11 and I-ertic;ll tlrsign (x1ittancen 4w11d be enough to reach the 
(l(Gre(l lunlino\it!.. 

3) Intermediate energk. 

Tal,liy 1 ,givc=s t,lie lumirlcisitp acliic~rtl at wrious energies if one 
clpcrates tlva FFS as optimized for 1 Tr’l-. It sets a lower hotmtl 
01: the re~11lt which can be trht~ainrd liy increasing the field of the 
rliluilc> mlgneth in the CC5 taking atl~antagr of the weakening 
rrf ~~~ili.iu.c~tron iatliati1)n. The scstupole strengths are reduced 
:krc~iriliugl~ and lw11cr third ordri nl>errations get smaller. Morc- 
owr. at fixetl pole-till field. one co&l increase t.lte strength of the 
fii:al ~~uatlr~rl~oles autl t.hus re-optimize t,hr telescope. 

4 Beam-beam Interaction 

flw int1sraction 1)f llarticlrs in one I)rurch with those of the olr- 
l)o\ilig 1~~1~1~ leads t(l a (.onstriction of the orbits which is usu- 
all!. ~~itlletl “l)iuch effwt”. In Linear Collider jargon, it. is also 
~~allwl “tlisrulitiriil” bwause the outgoing beam will be scat.tert=d 
111 “tli\i 111,ted”. This effect, cwhanre~ the luminosity, but may a1.w 
illCl.\Whl’ the bncl;g1o\;ud if the o11tgoing beam hits a solid object 
.~lWli as the face of the 11ext cpwlrupolc. 

Bwal1sc i)f’ tlie large impo1tanrr of t,his c*ffect. a new computei 
prop,~au~ has ~wmltly heen clrl-c~lc~l~ed at CERK [lo] nhich simu- 
lates 11111 liewtration of two bunches. 1wing variable y mesh size 
for the, g1bouletrv. This feature ma.kes it botll morn accurate ant1 

faster, ant1 thr1s’has prxiiittetl variation of a large number of pa- 
ranwters. 111 particular, the program can Ire usccl to process the 
uun-Ga11asian tli~trili11tiou c~l~taineil hy tracking ;,articles through 
the fina. focus system inrl11tling nonlinear aberrat.ions and syn 
chrotron 1,atliation. The result has been expressed in t.erms of 
;in “eq1u\-alrnt” RI\IS beam height of two Gaussim Iwanis which 
~.oultl crrilide with the same Iuminosit~y. The penetration of two 
ctq~~;al b1mchcx \yith clisrul)tion parameter D = 10 is shown in 
Fig 3. 

5 Correction of Errors 

Inclusion of the unavoidable errurs in l)ositioning antl/c)r escita- 
tion of magnet.ic elements, a.!: well as errors in the pick-rxlrs used 
for measuring the lwani posit,ion, lratls to i1 wry ral>id tlegrada- 
tion of the 11uGnnsity. Because of the small Iwan dimc~nsions. 
extremely low tolerances wor1ltl lx required withcn1t correction. 
which cannot be met in practice. 

Choosing the placement of the pick-1111s autl corrector5 jutli- 
ciously such that their influence on each other is minimal (“or- 
thogonal buttons”), it is possible to coml’ute the rrquiretl corrw- 
tar strengths with the program MVRTLE [1’2J to optimize url)it:, 
for random error distributions. For erro1’s with a ~tnntlard de- 
viation of up to 20 microns. the rciluction of luiiiinosit~ after 
correction is found to ire a tolerable 20 1% on average (see Fi:.Gl. 
Even larger errors may be pcrnuttctl 111 the less w11slt1r-e rlc~mc1.t\. 

6 Conclusions 

iYe haw described t,he current st,atus of tlw .t1ltly of the Final 
Focus System for CLIC. Relying eswntinlly on u1uncrical track 
ing sim11lation resu1t.s. we have shown that, for th1, clr:ign c-nut- 
tancrs. the Oitlc effect strongly limits the lumino~it!- 1~11icl1 can 
be achier-etl at, the interaction point. For o11r optimizrxl FFS. 
the 11unincisity is too low 1)y a factor 3 G. (~ol2esp,ixltlin$ ti, 2 
17 x 114u~nL effectire spot size. 

The only wa!- to avoitl the Oidr effect is to rf~llicr iwy 01 l,otli 
(~~ortnalizetl) design emit tances. This leas the atltlitional atlr-an- 
tagc of reducing higher order aberrations as roll. Red11ction of 
the design emittancrs by a factor twr Voultl be almr1st 5uficient 
to reach the design luminosity. SllCh H l.<3Cl~~~tiOll ~~>1>Pilr,$ 1l<IS- 

sible wit,h present tlillll])ill~ rings. lnlt tllc eniittiuice l>lo\~ 11l? ii1 
t,lie main linac has tcl he kept unrlei contrt~l[ll]. 
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