
1738 

DYNAMIC CZOLLIMATION FOR LINEAR COLLIDERS’ 

N. .\lwruil~ga x114 H.1). llr~tll 

!-Yfaffimi I,inc%;lr .Au~clr~r.;3t(r1~ rf3Ifffr. Sfaflforci 1 ;uib w.i.if,v, SI ariforxi. ( ‘alifbm;a !M:Ki!l I :S.I 

Abstract 
F:xprrit~ncr~ with the SLC.’ has indicated that backgrounds 

rauwd by t!lc tails of the> trariswrsr twain distribution will tw a 

scriolls prcthlrrn for a r1cx7 gt~npration linear I-ollicl~~r. \lrrhaniciil 

scraprm may riot, providt~ thp twil 5otution. tvcallse t hcy Inay 11~ 

dan1ngtvi I,? t +c tiny. intc11se twams. alld also hrcaust- they ma\ 

ir~durv u;tkt4itsld kicks larqc enough to cauw rrnittanw dilution. 

Ir, t tlii k,art<‘r3 MOP I>r<w,,t ij Imssil,lt~ sc,luti<-in. which II,C\ SPYI~I.RI 

r~c>lliiricar lenb~~s tn <irive ttlr tails of thr braul to Inrgr alrll)litild~~h 

where t hcq’ car, tw wow easily scraped mwhanically. Simulations ol 

scwral diffvrrnt wl~cn~cs aw prrsrrltwt a11d cvaluntv~ with rrsprt 

IO vifwtivr!lrss. tolrranrrs arid wakvfielcl efl;Tcts. 

Introduction 
l~:x[“Ti~~rlw with t 11~3 SI,c’ has indir.ntwl ttlnt tmckgrounclh 

cilusrd by the tails of thr tranivcrw twam distribution will tir a 

h~ndairir~rrt al ~~rol~lcrn of a wxt generation linear collider. Drapii~, 

csfforts to sttiplaj t ho drtwtnrs aK:;rirlst hc~an~ rausrd hackgronuri~. 

particles iii tht- tails of thrx t)tvim distribution at times can prodllrr 

unaccrptithl\ largtt hackground. 

The illtvtrmical hcratwrs, prrscntl?- used in 1 he ‘;I,C, will not 

necessarily pmvidr the optimal solution for futllre collidrrs. First. 

ill ;I r14’xt ,gv”e ration liniiar i-~alliiter wittl tbf~arll onrrgy hrlivcv:n .ZT’ 

atit .F, Tt.\‘, and bra~ri si~<-s of ttlv ord-r of a micron. tht n:cchanic,rl 

SC rdl>f*rh 111iiy >ta damag~~d if 111~~~~ t irly. i~ito~iw twalri, hit tllt~lli. 14 

scccind prohlt.ul g>riginal~~- fwtn t t.t% u-akcfirld kicks i~~rluc<~l OII 1 tl*x 

lwarll (11.P ICI tliv t cillirrinti,r, ir:iil ii IIrr+f,nt in c ~lrrrsnt iis urxll i3i 

fut liT<’ Irlil(.tl:rlt’s IT thr t >oan, dWi not pa’s <.saclI~ lh:.‘)ll,Zh tt1- 

rriiddlrs of the crrap~rs. it get:, a t ral~sv<‘rsr ~l~flect.ion which xari~s 

luilgit~~~l:ildll~ a5 t llv 1~1~11cl1 ,lcsilzit> al~sng tl,r, tlilrl( h [l]. If till> 

variation of tt,v trarlswr5t~ &flwtion is comparat)lr to ttatb arrgrllitr 

dive~rg~~rir~~ of the t)varn. t IIC +-rnittanrr will incwasc. 

An t~xt)ression for thr kick <,f I htl hc,alll slue to two rdgc’s of a 

scraprlr has hen dtsribvd analytically arid wrifird numrrirally [I] 

ur:der t t.fl asst~nrpt ions f bar tl,r- scraper gap ii smir!l comt)ilnYl 10 

the scraper It.!lgttr and thp I> ~llrtl Irngth or is rlr,l snlall romt)arr4f 

tn tlio scraper gap This r~utbrcssinn i, pivcxrl tbj 

2t2%,jc 
An= - 

i i 

‘L,v An 
-- , 

.lPJz Em; g 

whrre Ar ii thr> twar~l offwl frow thr widdlr of ttar hcraper. ‘LIj 

is ftlrx scrntwr gal,. .\ and I;’ art’ t Ii67 Iwatl~ irlterliily il:ld Pncrg\ 

rcsperlivcly, and %(I is thr in~pedanw of frw space. I!sing typical 

pararnrtrrs for the licxt I,inrbar C’ollid<,r (NT.(:), namrly .V = 1 x 

lo”‘, ,7> F 75 pm. F’ = ‘LW (;cx\’ x4~ xrriw al 

A0 = 1.2 x to-‘j$ rd. (2) 

‘I’tlvw kicks can It-ad to cor~~i~ir~r~l~le ~*lllittarlr~~ dilution. IIIwPY~~~ if 

we dri:~ the tail particles to large nnlplit\~des, thp rrquirrd srratm 

gril,s ran be I;q~r and I~P,Ic<~ t tw wakrfirtd kicks ark rt~lu(.t=d. 

III tliis paper WC gsx;ltnirl(a thr possit,i!ity of collinlatitlt: the 

t,ransvrrw profilrs of the Iwarns ill a dyuamir (a3 oppwd to 111(‘- 

ctlarucat) way. \\‘P first introduce : ht. hasir I)rirlciple of dyrlarni( 

collirnat,ion. which WC tIlerI apply in ttlc raw ef tire NI,C wl~ert 

twamr are Rat (f-rnittarlre ratio cr/ty N 100/l) nn<t tllr, lwalll (‘II- 

orgy is 0.2$ ‘I’e\‘. Nest UT ati,lrms tt,c qlwstinrt of wakrfi4rl kichs 

frorll wrape”” and magnc’rs, and wr ?\aluatc t hc tolPrarlcM of lhc 

I”oposP’I sctrci11ri. I~‘irl;1ll,v. WI- [“‘writ a,: allerrlativc appm’ll tu 

dvnatnic rollitnntinu which uwh dwat)olr magnets 1Vr conclude b> 

g;vir,g il ~el~eral nvrsrvit3v arlii qllrslions rrinaining to lb0 ilrlswvrtvl 

A dvl;iilrd stud> of the pmtmwd whi~rue can IJP found iti Ref. [2] 

Basic Prhciple of Dynamic Collimation 
I)l,lianlir, collimation of I,e~nlll pr~~filw i3 a rlitfirillt ~lrL~t~lt~rri 

‘I‘!ic cl‘ifficulty lic5 jr1 1 trrs fiti- t 11x1 iilt Irrrugh t tic lit~kni siiw arv <‘Y- 

trernrly sm;rll, WV wallt tu tw ahlo to pPrwtrat<l :hrm dyrlnrl~ic:+ll~ 

10 ;sfTc7t Imrl i(.lvs ‘vii tt largf’r c<roritirlat PS. v trilv 1 tits co7 xk tli, t 

corit ribill t’s lo tlicl Il~mirmsit~~ off hv nti3ctlirl(~ r~‘lllai,,~ ilrl;rfr(~l~tt~ll 

‘To achieve, + his goal wv rril~nl II/OH, tat, tt:r part of the twaci wc want 

io cotlirriatc 40 that rnrctianirnl scrapers can t)r usrd rffectivf4! 

without irlrlucirl:: >ignificanl nakr4rld kicks. ‘I‘hrnllghout i his pr<a. 

c-635 the core must remain I1na~wlc71. This van hr rii-):lr, n-ith fitBId 

that prmidr a hharp edge at lhc right dislarlrc a.;t!lilj tlir IKRIII. 

I,in~;kr optical nl;ippificatio~~ of tilt, I~mrn wr1111~1 not \vork 11~ 

cause it ~vol~ld incr~~aw thr wrlsitivity to thr wakefirld kicks. At a 

tiigit hct a point. ltlv iing;‘llar slix eret~nc‘r of t hi. twam is r++lrfvl h> 

ii factor of l/v/s, (0 = Jm), whilta the uakrfirld kirk rm~l~lair!s 

1t;r hall,? since both Ir and g of Eq (1) seal” with ttir .JT 

Ilietitsr order rnliltitxrlm. 011 ttw ottlr,r thar:d, Si1l.h RS ,iW,%j”‘ll~~. 

rlcl<itTapillc~, rtc. arc’ !I01 useful Ix I‘illlhC ttw) itolr’t ]wlIrlr;3tf t<1 lilt, 

,111;1ll Lli,la,icrs r,f’(‘wPiLr!‘. IIimvx~:., for ii ‘I’r,\’ Iirlt.;ir r-illlidvr healit. 

~~~utup~~l~~ and octllpr,lv fifxlds tblal-<,~l at a r~~tativt,l\. high twta. hsvr)l 

pro~ni~inq. \i’e prt~s~-rrt msults uTing t,,,t h type, nl tnotllin~‘ar Ir.r~w-. 

‘l~tlo j~r~~p~~t ~lvllarlrir ~-ol~irl~nti~o~~ sihrnic~ uvrk5 ;<i f(sllna.T. 

1’1111 initial t>fliliu ~ti~trih~~liou g~w5 ttirrrllRli rl rli>lilii,wi. It.nc (-t’Y- 

ttll”,l< or rb?lilp~)l~~) wtli(-h ii f~)lli,ue-~l i, .i I-ot;tt:i,i: ill t!l,tatnbrr 

phaw hy x/2. ‘1’114~ I\)rle tails that Ilaw I)wn dr~wlc~l~cd arc ~111 ofI 

1);; 1n(~h;3ni~itl srratwrs. IIov.rv4~r new Ilniv;~nlctl tall\ it:11 rf.niaill. 

‘l’lif~rt~ are tu‘o ways arollnat I ilis prot~l~~~n. ‘I’tiv first wt~t titxt i\ tir 

reduct~ t liv rltirntrcr of partirlw Ixbpijlntit~g the IIPU’ tails witI! 1 t!r, 

uw r~f arldiiir~n;tl iio~~li~~tsir ~~lelt~<‘lit\ ‘ftiic rnt~ttiori ic iil~iil!-ir~t lillf-r 

in Illis rur~lt>. 

A swolld nrt.lIruil is To withsnrl, Ihv tails in the cairn of the, 

distrihillitrn [:I]. This is oasity done by adding lo t tits alww lattice 

section its mirror image. This trctlnique is wrll known. ‘I‘wo Norm 

linear rlrmcnts of t!lr iam<- or oppositt, polarity (dependirrg cm t hmr 

multipolarity), in apart in phase advauw, amount to thr idrntitj 

t rarlhformalion (111) to a = sip). 

rirxt WC’ prescllt tv,o <lifr<~rrlll S$ t:l-rllcc II,;11 C’iifi h< Pii:]‘lo~~t~<l 

in an actual marhiillv. l’liey ifw t>otll variations of thr idea just 

tlvscritwd. Sinw ii1 a rciil nlacliillf~ it is not clear wIwi!wr pwiliori 

or ar~glr tnilh (‘aus,’ most of thr, hackground pol~lc~rrrs. o,,~ \<ri>~rlil 

like to clran rtp the learn pmfilrs in tmttl riirrrtions (say T and .r’). 

The foliowin~g wh(~mrs takp this into acrounl. 

130th sch~rn~s inrltlde t,wo lattice sect,iorls fart1 of whirl> cow 

I-ii15 of two nisnliiseilr elomrntc ., * apart; 1 lli15. collilnatii)ll ill t)4>1 tb 

~ilrcv-tioni is posihlr In thr first schc1111’ llir Iwo lattice src-titlrl, 

are itext to rach otller wparalrd 1,); a phast. advanw of ?rp. ‘I-hi\ 

\,ariation will hr vallcrl ltle “St~riat collimation” srhrnlr. Fig 1 i5 a 

irhrmatir r~~pwse~~talion of it. 

III tttc wrond \‘ariatiorl tljrx two basil lallirv st~c~tiiliih nrv r\itllili 

coach other. This srhrme will tw refr>rrcti to a~ thp ‘.Uestrd collirri+ 

tion” srh+lnr. l:ie. 2 is i15 wtlf~lnatic r~~prcsc~~taliibl~ Tlii? \(.ll<,lllr~ 

has tt~c adv.itttap ~wf~r thr srrial one of occupying I(55 spilt. Iloa 

’ Work supportrtl by I)t~partn~t.nt of F:n~rp contract I)l:-!~(‘O.~-j6SFD0515 
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Fig,rw I: Schismatic rcprrs~~r~laii~~r~ c~f 11,~ serial ~cl,f-,ii~. 

IW $51 iii 

t igrlrt, 2. SC-l,t~,,,al i(, ,~~~,r,~~~~,:lalir~,, rif t l,P ,,f’sl,~~I 5(~I,r,,,~~. 

~\*II’ i, hl:fl,~rb .‘:.,),,I ,,,ow brrinub grw,,,rlric atwrratii~,,?;. 

Dynamic Collimation for TeV Linear Colliders 
Iri tliii srctiorl HC prtmrnl lhrw alle,,,at iv,’ sol,,lio,,i for 11) 

~hhiiric n)lli,rlatinn ii, a ,,rsl qrnrratin,, lint-ar mllid,~r. Thts firit is 

ii hi~r:;rl yclrl~i~~r~ rrhi~ig wstupdr ,,,ag,1,~,4 a,,? it ib ,~xdwi,iwl it, ,I,* 

tail. ‘I‘iw wcu,111 is a wria! srhcmr usir1g ocl nplrr and I Ii? llli,,l 

i5 thf- ,iv-lt~~l cCt,v,i,, wit I, oi~tr,pol*~s. ‘I‘h~st~ tbvo CBS~S AlI Ix* ey 

dinir~~~l h,i,~fly and firinl w~i,li~ u ill 11,’ p,w+~,~tx~d. In de~ig,,i,,g 

ihc% t olli,,,dlio,, wclii,,, rrf a I’tb\. Iir,v;lr mllidrr wf assumr Illat 

l~t~,srrri RI’~ Hal \c.it ti a rntiri of I~orisonla! to vvrtiral r,,,ill;,,ii.(, ,‘,I,,;*1 

i 0 I (!(I to 1 I‘hr, iricorniiig beam to 111 P rr~lli,~,alio,, wcl i01, lias 

in,.ny) (S. O.S)p111, at twta ru,irli~%rl> (<iI 1 .7,) T l(‘LO. 20]*:1. l‘trt~ 

l~t~nrn r*ncre~’ is 2iO C:f\’ 

A. Serial Scl~erne with Sextupoles 

\Vv 5titrt liy ~olli,,,aliri~ ,I,,, t~~~a,n i,, lhrz horiz.~~,,t,al plii,lt- firsi. 

‘I‘hi‘ is fairI> ~~lraighlforuard dyriar,,ically tir~r;+i,w t ht. Irc~rizonl ill 

hrarr: sizr is IO limrs largrr tI,i,r, thca wrli~~i,l size. ‘fht, 5rarial co,, 

figllratic~ll i5 u~e<l \vitll ,,r,r,nal se\-lup431rs. Uilll, srxtllpolr~ rringnt~ls 

arid srraprri i~,t plarrd at high triximriidl i+,,il low wrtiral lwl;i 

pointi (,I, = 200 ,,I~ igu = 20 m). ‘Il~tis tlw Iwam ic hl~w,~ ,,p 

tiiiri~w~l.ill~ l< facil:latr the collin,atio,r. II ii important that : hia 

\.t’r~:C,tI ‘iZC of tlitx i7c~alrl is sn,all, in c‘~upli,.~ df,YiS ii,<’ ~l,lBIl. 

(‘t Ilii~ii~~,c~,, in tl,rs \vrti4 ill ~)!i,,,t- l.ak,v I)li*c<. irrltncdintr~ly ;rflr3 

!hr h4iri7rlntal ~ollin~atior~, Skr\v wxtiip~~lri a,,~ ,iw~li~,l for tl,is 

garw. ‘I‘hry i, rr plawd at high vr’rti, al a,111 lox horizo,,tal tetit 

;li,l;lt~ ( j, 77 “‘(J I,:, 2, = 2.O(Hl rri I. The lmim again is hIown ,II> 

i,, lib,. pla,,c~ uv want lo cr3llinrnlt~ At lhct siimv tin],- lhr l~orizi~nlal 

~i~vr~~~~~r~c~v of *III- hwrrr i\ l;irg<’ r<,r1,p.i,4 to ttw wrli<~irl. 50 t l!f~ 

horico,,t;tl pl;511c~ slay5 u,iafTcv~td. Ilrw i t,ti v(,,tical scraprrs arr 

pl;rw,l at a point of i , y = 100 m. This is itnportant in ccmtrollirlg 1 II,’ 

wakofic~ldl effwls frnrn lt,p scrapf-r3, as esplairirci in tlw lnt roii,,c.tii~rr. 

5i,n,,l;it ion St ,,di~s: ‘I ~‘0 dcyqrw of frewiGrm sini~ili,iiou $1 ,,,I 

rt’$ have, IHWII 1 rs,forn,tvl to ,~xa,niw a thr f~fferti~r:lr~ss <,I- 1 his SCl,,~,,ll~. 

I,,itial ro,,<iiti<,,,q ronsiit, in hnth pianos. of a p,arrssiar, cow rx- 

t,~,,dt~Sl to 20 a,,,1 r,,,ifi,r,,, tiulh f,or,, 20 t11 XJn. Fig> 3a and :lt> a,<‘ 

the I1orI,ILli%lY‘ pllm Spa<‘? plots of the initial heam did rihutinrr ill 

tl,v lhiriic~tildl i31bd vc’rt icd pldr,,~. rwpv~l i\v!>, plnl ted al a point of 

Jr I. 20 *II ;uld ,I, = 2.000 cri. I‘hr t>citiri siivb :,I’,’ (0,. nv) = iSpan. 

3,ul”). 

l‘or tIic. p,r1~~x+ ~)f 1 racking u’t- l,diltt p~,ldalcd t I,(’ core will, 

2.000 1birli,l*5 itr,d ’ t,f’ tails 5vit II %O.OlKl parti,lPs. Iblh cow antI tail 

partides i,~ve IP<w, trackd tl~ro,,~/, t t,,, ha,riT,lntal and ~uhw,I,,,~nll~ 

lI,,r),,#t, tl,~~ wriical c ollin,atin,, serlion5. ‘I‘irc~ srutupok ma7gllc~ts 

l,i~v<. pi~lf~ lip fic,lil equal 10 I l‘esla, It’llgill ol” 0.1 IrIctrr and p<‘lP 
Iill rii(l~,,h oi 1 rr,,,,. ‘I‘t I,’ \I r+p,l, Ir.ilf ~;a,’ is 3Oi)pm t,ot t, i,, 111,~ :. i 

l~i~rii.i~,it,il ii,i<l vi%,liritl plar,r~. 

‘1’1~~ fin;11 ~lr~rici~,,laI a,,(1 i~crtical pleas<’ ipa”’ I>liil’i il,V .lillM.,i 

,,, 15&y ‘jr nlld :jti. ‘I’hty arP [hltrd at a pnillt wtlr~rr~ :3= = 20 111 
d~rd .jr ‘~.O(Nl rri. ‘1’11,~ pt,a.w hpaw tl,~,,,,,lnry ii ll,r~ int~rhtv t ion of 

II,,. ,r,,;,p- or t h, tu-41 h< rdp?, (pi~rdtmli3h) tliri~,iglr ‘ht. cdli,,ii~f~o,, 

8,plics linr It IS wart Ii noticing 1 hat in t t,,, above si,,,,,I;~lio,i stud? 

thr* r~rtrill;~nrv oft t,,~cor,~ ofthc ,listrihr,iirln~ ,-hang,4 ty a n,$igit)l~~ 

anlorLl,l. 

\VP I,AVP ll,\t ~l~~r,,i~,,~iral,~~I 1 haI I Ii,’ RIH~‘I.C l;itlire I)rovidei 

hcrapirrg of t ii,> hcarri laijs frr~rrr 20n t 0 ;ilu)i,t 50 it, 11,~ t,orim,l- 

t;rl pl;1w RIICI from NC7 t 0 a1w11t IOn i,, 111~ \,t>rtical plant. In It,,> 

roil r,f t 11,. i~,,,,,la~io,i \! ,,,lio:, fr,r a ‘I;*\ l,,,,~ar coll,dt~r wc aw going 

t,] a\s,,n,t~ t ha, ~~~~lli,,,at,o,~ i,, tl,qs t!oriso,,t;~l t~larre has taken p!arr 

-100 I -200 I, 
-100 0 100 -200 0 200 

‘i it> X (i-~ m) Y h m) io,rKl 

l.rgitn~ 3: 1)~ rr81111c. rolli, iatio,, i,l t t,H N1.C.’ 

;tlrt~acIy ii,,,1 tl,e i,litial horixnntal ht>nr,l ili.51 rilj,itii),, will e*i+~,,d onl? 

to 5’7. SC, WP shall corrrr~itr;ttt~ u*i tt,e wrapir~p of tlke vtzrtirdl plant*. 

\Vakefirld Kirks from Ilagrwt5 and Srraprs: _ Let KS “ON 

c.alc,,lalt, lhr* \*-aktfic,lcd kirks fro,,, the wxt ,,,)olc ,nas,,t~l~ a,,d thr 

scrapers for t Iv, cite con~iilt~rf~~l ahov~. I’or an offwt equal to 1 (T of 

l!ir~ 11c~nr:l. s,*sl r,p,~l,~ rriag,,t~ls with polvtil7 radirls of 1 n,,,, indilrr 

r~;,kr~ii,~l,l kirks ~~,,a1 lo al)o,,t twicr tl,cT a,,g,,l;rr div~~rge,,cr of 11,~. 

t,t.ari1. 

‘I’t,t* wakcfi,%!d k:c-k frnn, i Iv x~r~p~~r+. f~tr 1 (r oli’wl ih , o,,,pa 

ratllv to 11,~ diwrp,,r<~ of l tits l,r~a,,,. 

O,,v ,.a,~ W~,,CP thr ,,,ag,,iludr <,I t tw uakrtie>ld kick\ t,y lap‘,- 

i,,g tl,r hf~il,,, pip at thc~ r,~ag,,,~ts ifr,d the 5craprrk. For a bunch 

It~,,F;‘ti ronlp;lrnhlr ,\, ,I,,. scrap“ gap ar,d large +n,wr nnglr:. ,t 

!ia4 I~wn rsti,natd ,,,,,,i,~ric:illy (11 !hat the tra,,s!~c~rsa’ kirk fror,i 

d 5cr‘nprxr i: w~l,i~td Iy a factor of (20,,,~/r)“’ ul,rrv P,.,, is tht. 

inper d,,l?;lP (S hri,,p, r/2 fC,r a \teI, xralbt>r). l,‘~)r hr,,all arlgli~r. 

:hcrr are i,lclic.at ic,,,5 that ll,,> dt~~~~,,d~,,c~~ on the* tnp,,r anglr is Ii,, 

ear ..I]. tlt~rirt.. i:~lv~,i,ig llic, >~rapt’,~ II:, .UI rml nliirl, ,-a,, II/, 

rxaiilg ;Ict,i<~\,r,l if t he 5craIwr’s v~~rtiral t~stvlil is 5 ,,,,,, a,,,1 it8 total 

lorigil,,di,,al vxtenl is ahout 1 ,,I r,~dri(.c~s ‘hr. triiri,\c~:‘\c’ kick t,v it 

C;ic.tur of approxi:l,atdy -IO. 

C)IlCC~ lhr trn,,r\rrw kic.ky ,~,P ,,,,,ic~, ,,,J,lt r<,l. O,,P ,,,a? f,,rt hr>r 

:wl iits t tic scraprr ~;~p tc, ~3, t:i<,w lwtt6.r ir,api,,g efh4 im-,,r!. I-or 

~xarriplc, for erut,rpc)lr~ ,,,ag,,rls. dr,rlion of t ht scrape, gap II? ii 

!“;lcliir <,I- I-t,r,r rwul-~ ,,I a phaw spar<. t~nl,,id;lr~ 

of t\\o. 

I(‘1 ii, ,,4biv di,r,i,i Ilie vff’vri of w~3kt~fi~~l~l 

~~,ni, t B,,CP. I,, t hrs ~),-,‘s,‘,,cc 0:” a t ,a,,‘;\~+‘,i~ kirk 

Wll,l(.i’ll IB,v a fill.lil, 

hick, III, rllc- tli~A,r! 

r,f t 1.e f<~Uli 

A,?’ . . (),&k, 20: 
!I 

: ht. final ,z,,,it, a,,~~,- of 1 ht. tx.a,n is giwi, ll>. [I’] 

[ 3 i 

‘I’l,nr a kick ,,f 1/,5n will ca,,sc a,~ rrnittancr di;,,t,o,, of 0.15%;. 

‘l’<,lr.rii ,I< eh: ‘I‘l,t. t<~lt.rnlli.C’ ,r’i,,*,rr<l t-or wxl”pd” rrfrwt s Ii,. 

p,~nrl, up,>,; t.he arceptahl,~ t,mil lanr,~ dilr,t :o,, F‘or a,, Pmitlanc~ 

tllcm ‘,p ,,f 10%. !I,,~ tolrranrr on r~n~lo,,, ,,,idigr~,nrr,ts ii aho,,t 

1 pm. St ,irtly spmking this rcq11irt~rrrr~111 is not on alwdute alip 

me,,1 hut rnthrr on Iwam to scxtupole rentrr offsets. This wo,,ld 

,cquirt~ arcuratc hrar,, posilio,,ing rathrr than tight al)sol,,t,~ dig,,- 

rncnt. I,, addition, o,w may ,,SF skew quatlr,,pnlrs doW,,strPa,n of 

t.hr cr~llir,,atic,,, wet ion ti) takf’ ,I,,1 Ihr sext,lI)ol,z offset pfTert.s, and 

tt1ris rr4;ix I hC\f~ !olPranrPs. 
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B. Serial Schenie with Ortupoles ~-~ 
III this svcl.iorl uv arc’ goirlg lo rrstrict our diarussior~ to tht, vpr. 

tical plauc only. ‘I’0 arhivv*s tli<b silfu~ scrdping rTfficit*ncy a5 hr~forc~. 

we r1ow rmtl 11111(.h St rolrgc~r magwts. so we USC <K111l~&!. wil il 

lwlf-tip fiesld 1 .2 Tvcla allrl litngth 1 mrtfr Tllc collirrlali~rs itw 

plactvl at a bet it of 100 111 as before, and thtGr half-gap ik 100 Peru, 

‘I’trts irlitial hr~rizo~itill l)liaw spact> assumed irl tllr, simulatioru C’X 

lt~lid.~ to 50, whilr~ thv illitiai xrrtical ow ~xtrrlds to 200 as l,rforc-. 

At thv vnil of thy rollimatiort wrtiou tht, wriical phase spilrtt 

looks like t’ig. 4. 
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EYgurr~ ‘1: \‘rrtical phase spact: of thtx scralxvl distril)utiorl Srtrial 

srl1~111~~ with ~>,.t.llpotes. 

The core ~mittancc char~ged try .05X,. Out of 20,000 tail par- 

ticlrs. 16,200 were srraprd. Notice that thr scraping is equally 

cficivnt as before, tslit llot as “rlt&arl,” dilf~ to tlbv gtwmr~t ric ;ktvr- 

rations rauwd by tttta strongcar rnagnrts. For an cmittance blow up 

of 10%. the tolPrancr on oct11~1o1~ offwf5 is rt3,ln1. 

C. Nested Srheme with Ort~upoles 

\vc r1~1xr con9id<*r clyn:*rnir colli~~latiotl iri tllv K1.C‘ wil II t thv 

rll’S.Wl Sclll’rll’. 1. ‘. 15 ~~xp~~~~rtd 1!1dl 1 tii\ ~c-ht~mr ~111 indllcc, itwngw 
pwnrrt ric a twrrai ions. 111 0r~lf.r IO lw abl? to cornpar? tt1r nrstPd 

>~.lrr~r:lt~ \i:1!1 tllr trial oilr’. \w ~)~~rfori~~~~,I 5iw1laiior1 YI rldiri rliirlg 

irlrntical r-orrditions. rig. 5 ~lisl>la:n t hr. final vt,rtical ptiasr spa-~. 
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Figllrt~ 5: ‘i‘Priic,tl phase sjxicr’ of a s~-ra~wd dist rilbut ion NCild 

hchr~rrlc~ with <,ctllpolt~s. 

Rotice that the scraping is not symrlletric in the y and y’ d- 

mensions. This is twcaus~ O~P dimrnsion is esserltialiy scraped after 

OCR ortupole while thr other is srrapwl afttbr two. The strong atwr 

rations givr risp to lotlg T,‘-tails. 

An Alternative Approach: Collhation with __.- ..-. . . ..-. 
Decapoles 

The bait idra ill this swtiorl is ttir halilv as in t hf. pw\‘iou: 

it*c~tioll; r!r)llliticar If~t~w.s art* UWCI to ‘11 r+tch t lhv bram tails to lilrgc’ 

aulplitudes whrre tl1v! calI tw morp t~;lcil;i wralw~l mt~rhauicaljv. 

The beam is directed through two nordinfar magnets 90” apart irl 

bctalron phaw. Sc~r”p*,r” BTf’ t tlt~:l IlSWl to rilt off t h? i’W1 (.I,,~,1 

particlt5 

The tiiffvwllr-1 frolri t,lu, prrvious approactl~~ is I hat ILCW LV<~ 

dorl’t usr a -I wrt iorl to wabsorl) the tails illto tht, row. Irlstvad 

WP add a1101 lwr two uorllilt~‘ar Icrises, 90” apart, to 111~ itbo\r~ rot1 

fiplratiorl. Thr Iat two rriagllc4s must lx or weakrr htri’llgttl. ‘I‘ll<~ 

first two r-rrntt it ‘iiytiiltrtir apr’rtrlrc,’ wllicil ‘Licrapt3 t hr. I:(~ar~i. Tl~r, 

weaker orlcs rrwtv a I)iqgchr d>nanlic ap~ri uw wl~ich acts only on 
the tail partirlw but ICavrs the core unaff~~ct4~cl. Hvlicc~ Ihr tail po~3- 

ulatintl is rrtluc~d. Simllla.tiorl studies show t llat although the tall 

population can br wducrd significantly it will wt disapp*xr cor11- 

pletely. In order t,o avoid strorig coupling cffwts alIti liot to disturb 

thp cow of the distribution, drrapolr rnagnrts were used. F’ig. G il- 

lust,rates thr vertical phaw spare after collimittion with dccapole.<. 

Tlir irlitial phasr aparr rxtpnds. as usual to 20~. 
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l,‘i,yurr 6 (.‘ulliili;iliur: uitli d~i~dpo!~~~, 

‘I‘hts initial !lorizontal phase \pac+? was ass111nt4 t<a Ibe% c.xtrilcfing 

to 3n Out of 20.000 partic.lvb I>c)pulnting the, tails of t hc tw;irsl 
diitribLltion. lY.O(j?: were ~cral)wl. 

‘I‘ol~rar~cr-. iu thic sc~ht~r~it~ al’,’ rrLl,&tir<,ly /oow Si* Ilii<.roll ,,fF,< t>, 

irl tll~ttl plallr?. ~iililllrirllt’l~llht~ ap;‘li”‘l f,l all fl,lU rn:l~wli hi,< Tibf, 

10 17% e!llitlatlct- rhangr. Thr major problem with this nlr~ttioci 

i> tliat :hr magtlt,t\ rquiwd Ilzr\,o a x’cx~!’ ~m;tll p1’1<, tip radiiIs (0.; 

mm) and may hr difficult to cot~strlict. 

Conclusions 
11’~ have illustratrd swpral difff~wnt rollilrlatio:l ~chrm~s fcir a 

Ye\’ linear collider. Mechanical scrapers probably car1 riot he uwd 

al~~rle bwauw thry may be damaged by the small twarns. I:urther- 

mow scraping of thr extremrl~ small KI,C hrarns rquiws ~vluall~ 

small ccrapcr gaps which in turn induce large wakefield kicks. I,in- 

rar optical magnification drfrats the purpow beraiis~ it magrlifics 

the wakrficld effwts. 

However, nonlinear tirld5, ill particular wxtupole and ortupolr 

fields cart hr owd to stretch till, tails of 1 hfs ciistrilmtinns to large 

amplitudes without affecting thv core. By tapering scrapers arid 

magnc+ ORP CR” achiwc acceptable wakpfrld kicks. 

‘1’1~ tol~ranres on the magnet offsets apprar tight. tloxf’vvr a 

furthrr study may lead to a mow optimized design. 
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