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ABSTRACT 
lrl this ppu, WC drscrihc a IIPW trajectory correction tech- 

l>iqltc for higIl ew:rgy linear accelerators. CurrPnt> c-orrectioll 

techniques force the beam trajectory to follow misalignments of 
the Beam Pohitim hlonitors (BPMs). S. mcc the particle bunch 
has a fillit? e~lergy spread and particles with different energies 
arc deflcrtetl ?lifferent ly, this caIIsCs “chromatic” dilution of the 
traIlsverse bram emittance, The algoritl~m, which we describe in 
this paper, retiucrs the chroma.tic error by minimizing the encrg? 
d~p~~&mw of thr traj&ory. To test the method we compare t,he 
c-ff&iveIless of our algorithnl wit11 a st an(lard corrert,ion ttY,h. 
niqur it1 silnnIat.ioIls on a drsign lillac for a Next Linear Collidrt 

1 Nl,(:/.’ ‘l’hc* silnulations indicate that. chromatic dilutiorl wodri 
i,r tj~~t~iIit,ating in a future linear collider because of t.hc VW> 
sr:1;*1! h-am siy(y rcyllirrd 1.0 al-hirve the! riecc:ssa.ry lilrninosity. 
‘I’tlrls, we frrl that this t,echniclue will prove rsselltial for future, 
iin<‘iir (~ollidc7~. 

INTR.ODUCTION 
111 a linear col!idrr there are many cffccts which dilute the 

bcv3ln rmitt,anc~c~. This dilution then caus?s a reduction in the 
rollicjc>r’s 11Iminosit y. In this paper, we tlrsc-rilz a new trajcc:t,ory 
corrwt iun tcvhniquv for lit:,-ar arc&rators which redurrs tlv 
“chrvmai ic” rrnittalic~r~ rlil~~l.ion. ‘I’his trchniquc, is drscribrd ill 
gr~~;\.ler d<*iai: in Ref. 2. 

‘I‘hc* trajf~t~tory in a linac is corrrct,cd with dip& CorrcYtors. 
I!sual!y. the ctrrrrctiorl alg;~rithms at tPltl[lt, tc7 zcr0 the I3eaIll 
l’osit,iou hlonitors iI3l’hls) which measure the trajectory in the 
linac.. For t~xarnpl~~ ill ihra Stanford Linear Collidrr (SIX) linac. 
a i’l)Il(‘. to OUT” algorithm is II& to irilplernent, thr corrvctiuri, 
II(srv. a single dipole correc?or is uWd to zero a single (down- 

si.rc.;t~n) J3J’hl. llkiq Ihis algorithlri. path of tht- matchA HPMs 
van be zeroed wit,!lin l11~ limit,ations d the corr&or strength and 
tilct JjI’hl pr< risioli, i.f ,1 i,hr> inl,rinsic noise’ in t.h? 13Phl fneasIIr(‘- 
m<~Ilts. 

‘I’hv prol,l<~m wit.11 this tcchlGquc is that, the, Hl’Ms are typ 
ically misaligl&, both rltvtronically and mc~chanically. Thus, 
ttlc, correct,ed t,rajrctory is kicked from side t,o side, following the 
lll’hl nlis;ili~~rlrrlc,rlts. Chromat,ic errors occur when the beam 
trajectory is drflccted since thr deflections differ for particles 
wit.11 dilfvr<-l~t u~qics. Wil.11 on+tc-ollr corrert,ion. the chro- 
r!iatic (lifr~ticb*l t,rlltls tc, grc!w with 111(x sql.larr root, of tllc: rlull:lWi 

of J3I’!vIs! For rxalnple, we have found that in the NLC’using 
thch o:lr-t,ll-o~lr* rorrcvYiolt t,c*chniquc with 10 ,im 11Phfl misalign- 
rnc~its leads to a 2570 vcrt.ical rmittirnce dilut,ion. The 10 pm 
alignmtqt 14 ahout one ordrr-of-Irlagilit~l~l~ Iac%ttc-r thall cali tW 
acliievcd wit 11 terhiliqurs no\\- in practic?. 

III this ~,‘ip?r, we discuss an algorit,hm wllich is lrss drpell- 
tl(~l~? OII the, 13J’hI misalignmc~nt, errors than is the ones-to-olvb 
algorit,hr~~. Ocr approach is to mrasurc: two tra.jectorier; whcsrc 
‘in c~l~an,ec~ 11111 lirlac focusink r st,ruc‘l,ur(~ betwtW1 mc.as3~rc.rncnts. 
fl?r suhtract.mg thr Tao trajcct,ories. t,hc: rc xsulting diffrrenccb 01 
bit, is i7lrjt~~71~Ivn1 of the T3Phl aligrirrlcwt errors. In theory, the, 
quadru~~~,l~~ miralignrnr-Iit s could now be found. 1:rifcAmately. 
thv cliff<arence orbit still has errors due to the finit,c HI’M preci- 
sion ii1bi-l ad~litional unknnwri dcll~~ctions. Kathrr thall trying t.0 
solve for the i&ic,itlucfl misalignmcWts; we simply correct the tra- 
j(v.to:y tc, IrLillinlizty Ihc rliffurncch orbit; tllis will then minirrti7c% 
thr rhrorrlai ic vrrur. 
_.._ ________- .-- 

f \Ywk su,‘p<‘rt<+l h? ,I,*. DI p”‘tmPllt of F:iltvg>, I,l:ntrnct, PI,:- .AilW- 
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THEORY 
*gInatic Errors and Dilution 

In this paper, we USC: the term chromalic~ error t,o dfvrilz 
the variation of the ccntrnl trajectory with energy; it, is a silk- 
gle part,iclc effect. Chromat.ic errors arisr hecause particles wit11 
different rnergies are deflected differently. \V(‘c: definr the, “chro- 
mat,ic error” of a pasticle with an energy (1 + 6(.E))I?(s) it< thv 
difference between its trajectory and thr trajectory of a particlc 
with the design cncqy E(s). Tf ills. tile r-hromat,ic~ error Car t,hi: 
particle, at t,hr end of a linac, is 

A:r(&qf) = CH,[~XI,(.?,..~~) - &~:‘(~:-‘,.~,lj , (1) 
t 

\\-liere we havr scI, the i1iitia.i c.onditions .r(l a.nl s’,l ttt 3xro. 1 The 
p:tr~~~~ct~r 0, is tllc* d~$l~~r?ion al I‘orqit utiinal position .s, ;rrlc! 
includes kicks from both corrrctors and errors, li, is the- rekativc 
em:rgy deviation from the design cxnrrgy: 6, G A ,<(A,)/ I;:( s1 )> 
and the matrix element R13(.cir.3f) t ransforms a. deflc~rtion at d; 
to a transverse position at sf; the coefficient, Rlz(S) is the Rlz 
matrix element, for a particle with energy deviation E(s). 

A partirlc bi?an~ consists of part ii:lCzs disl,ril)lltrd in six-~lirllc~ri- 
sional phase-space. Chronlatic dilut,ion of ihe transversr pllasct- 
spa,cf~s occurs for t,wo reasons: first,, t hc chromat,ic errors will 
cause clach constant, rnergy slice of t,hr btam rlistrilrut,ion t,o haVc% 
a different centroid: they will follow diffrrcnt central t rajfY+Wic,s. 
Sf:cond, the beam ellipsc3: t. P.. t hr scsc-and-or&r moments. of 
the constant, vncrgy slices will differ since particles wit.11 dilTf,rcllt 
mergy rxprrirnce different focllsinq. 

In this paper, wr discuss cc,rrt,ct.ing only t lie first ciliil~ril)ll- 
tion to the chromatic dilution. If the focusing structure of t.hl> 
acrrl(~rat,or is propWly “mat ilicd,” lhe secocd cbffvct. will ty;li 
tally 1~ sn~all. For rsarnpl~~, in NI,C linac, this ciff~~t dilut+~s 
thr unit t,anl,cx by les? Iharl O.l%. Of cc)!ursc. whc~rl I II<. liilzu, is 
not properly matched t.his srcolld ctffcbct can bee-omc large, hilt 
matc‘hing the l&c is a. separate issue and is beyond the scope of 
this report. 

‘IYaject,orv Correction -..--A-.. --_. 
‘Ii, rcvluce the* chromal ic c*lnittnuc.e dillIt ion. \vv corr<xc,t, thus 

energy dependencr of the central trajectory. To do this. wt’ vary 
the efTectivc beam mvrgy ;tld then correct the tiiflcrc~u of i 1Lc 
rc&ting trajectory and t hc ori.gilA t,raject,oqf. In a liliill’, t hvrc, 
are two methods of changing the effective energy: changing the 
beam energy or, qlG\alcnt Iy, changing t hca rrldgllc~l strerlj$tls. 

In principle, WC could USC the diffcrencr orbit to SOIV~ for t,ht 
c~ua~-lru~~~~le misaliglirlli7lls alit1 tile init ial voiidit ions vsa~~lly. pf-o- 
vitlrd that, there a.*~ (Iv, -+ 2) Hl’hl. 9 which do r:ot 11ave precision 
errors and all Ihc adtlit,ional drflert ions art‘ nr$igiblr. Obviously, 
this is not rvalistil-. When lhe adtiitio!lal cvorq arc in~~lud~d. 
t,lic, diffcrcncr orhit is not a ftlllrt ion of ,just. (ni, + 2) ~lnknowrrs. 
Thus, WC- c3riuo!, estintat,c 111v indivi~lual q1iiidrrlpolv misalign 
nwnt 5 arlti thv Iliit.lal condi: iorls av7lr;rtt’iy. WI? ha\-r founcl 111<!i 
the besl approach ir to prrform a lclast-sqliarcs solrltion for t 1163 
unknowns using hot h thcx origiltal trajectory and t 11~ diff<Lrc,nc,t, 
orbit with the appropriat,c weighting. ‘Fhus. wr solve for thtl 
dipole: ~.:cirrc~c%ur st:rngi 11s whirli rriillimire t,hc sliili 

jlll, -1 X,)’ 

2 $,<. + cr2 

(hL, f .l.l-,)” 
t -2cr”-- ( ‘2 ‘I 

)‘I BPM ,X” 

livr?: ‘7,‘r3.,. is t.h<a l(hIi of :11<% Bf’hl I)r(v.i;illll (‘II<~: y ,111<1 l~~~i~h, i-, 
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alt c&rttatcof t,hr RhlS of the APM misalignments relative t,o Ihe 
linac cent,erline. In addition, mj and X, are the rncnsurrd and 
pi.cadic(e<i tra.j!3~i~,rics at thc:jl.h 13l’nl, attfl 2!.lrl, and A.li; are t,hc 
measurrd ar.d prcclict.ed difF(prcnce orbits. \Ve will subsequently 
rel”car to t-his algorithrtt as Dispersion Free (DI;) corrrction. 

phJ(Lf i.gui-s. 
‘l’h(a algctrit,htn c,orrrcts the chromatic errors hy correcting ii 

mc,asurrrl tlilFc~rcq~c:r orbit which is crc*att~cl bj, cltnngittg the ef- 
fcctivc beam rnqy. Thus, tlte algorithtn rrslic:s upon t,hr f‘t’sc~t- 
blnnr~ hrtween this rnc:asurrd tlifferettce orbit, and the chromatic 
error. Wp ran diVid? any trrors into two caic~gori~3: errors whit-h 
rausc i,hf: rrit:asuretl difference orbil, lo differ from the actual dif- 
fcrcani-tt orbit (measurement errors) and errors v:hic.h cause thr 
differc~rt~~c~ orhit, to difT(ir ft,otn the chromatic error of a particle 
wit,ttitt t,he beam. Errors in ncit,her category will not dqrade the 
correct,iott of the chrornat,ic diltttion and Ihus can hP ignor~ttl. 

In cottt,rast, errors in either of tltc two cat.egories will cause 
t,lic, algorithtn to conrrrge to an incorrect, solution. BPRI prpci- 
sion and hc:am jit.ter errors are examples of errors from the first 
rat.ckgory. RF deflections. magnet scaling errors, and effects duct 
ta) the nonlinearity of thus cltrnmat~ic error are ctxamples of errors 
in t,hr second category. These effects arc <:st,imated in ref. 2 anti 
arch fnlinll ttcbt~ ti> ciiltsc srri011s dqriitlat iott itt tht. p~rk~rrnatirt~ 
of t,he DI: algorithm. 

EXAMPLES 

WC: have writ ten a ctrtnpulcr program to test the: I)F (‘or- 
rection tedrniqur against l,hc one-to-one correction algorithtri on 
a prelitttittary design of the NI,C linac. The program sitnulatcxs 
random transvcrsr tnisaligtmtcnt~s of t,he quadrupolcs and BI’Ms. 
and HI’hl pr&sion errot’s. 

The NI,C’ main linac. will accelerate hu~tclm from 16.5 Ccl: 
to 250 Gc.V. Our lat.ticc is composed of 210 simple FODO cells 

with pl~asc~ ad~anrrs of !Kl dcgrc~s? Ttith l~ut~ch is as~~m~td lo 
have att RhlS rtlat ive energy sprrad cr, of 1 .O% ai, t,he hcgittnittg 
of t,he lirta~ this then cle,creasrs irt~rrst~ly with the hrant energ:) 
as this bunch is accrlrarnt t?d. \Yr have not iitclutic:d the ~ttergy 
spread induced by the longitudinal wakeftelds or BNS darnpitt:. 
sittc~y wakrfirltls will he small in thr NI,C 1.1), design. FinaHy, 
f,ltP hcarn cttnittanres in the NI,(: are 7cr - 3 x IO-” m-rad ;tnd 
>fy = 3 x 10--R III-t,ad, and t hc lwam si:t!e at thcs (ynd of tltc linac- 
is rouglil>~ 10 ,~rn x 1 j,tti. 

To sinntlat~c correcting t tic orbit in the VU!, wc use twenty 
tiifrcvnt wts of r?indom ~l‘twf~i. ‘I’hr CI‘TOTS are fourlil from gaus 
sian dist.ributions which have beon rut, of? at two sigma. The 
qui~dr~~plc:: are misaligned with an RklS of 70~11t r&tivr to 
1,11(: linar centerline and the BPhls arc misaligned 70 ,rm rrlalivc 
t.o the qustirupolrs. Fnrtherrnorr. WC have includrd DI’M prcci- 
sinn crro~‘s of 2 /~nt~ assntnir:g t,hat, a ttt<~asnr<~rt~rni. precision t hc 
order of t,lte Ilean size will I& arhie\~c~d in the iiJ,C. 

Table 1. Correction in the Nl,C. 

1-b I DP; 

Orbit RMS 89 f 3 ptlL 54 i 3 pn ---.- .--.-_. ..-.. ._-^. ..~ _... - 

Hl’hl RMS 3 i 0.5 pm 80 f 3 pm 

L---- Ilagnifica(ion of cy 7.20 f 3.2 cyii 1.02 f O.OZr,o 

Ilc3ltl!G Fr3m correct,ittg the t,wcanty silts of errors wit tt t.11~ t,wc.) 
correct io:l scl:emrs are iistseJ in Tablr 1; t,hc error on the data 
is rq~tal to Otis s:~andartl tloviatiott. The Orbit, RMS data is tttc. 
IthIS of I hia 1 rajrct~cq~ rc&rtive t,o thr linx: cd rrlinc. nliika i tir 
Nt’hl II\lS data ix t,hcs RhlS of Ihc, Bf’hl tnc~asuretnettts. Notic:<> 
that, tllfb on<‘-to-on<’ algot-it hni zt’ros tlic* Hl’hl r?aditigs (wif,hin 
the Hl’M prt~cisiou) whilr t,he act,ual trajcct~ory is relatively large. 
111 ctrrlt i‘abt. ol1r rrlc~t.hcd ccn-reds I)01 h f ttc aCtIiii1 trajectory and 
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Fili;urcs 1 : ‘I’raject(ory after correct,ion in t11cs N 1.C’ 
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Figure 2: Differencr orhit after correction in lh(% IiI,(‘. 

t,he mrasnrrd BP>f readings. In fact, t hr DF corrc%ct,ion algcr- 
rithm does bcttrr at, correct&is l,lic artua! t,rajcc-tory tliari does 
t hr one- to-one rrtet,hod. 

Of course, we arc not, only ititcrc3lrri itt corrc*(,tir,tt of the 
!.rajrctory. The dilutio n of the vertical emittatic~c: dur t,o tltca 
chroma.t,ic error is !isicd in t.hc hot tom row oi’1‘;~1)1(~ I. Ol8Vi<luhl!.. 
the one-to-oncx rorrert,iott technique lcaads to a large, (fnc:or of 
PWCII) in,-rt,asc in t,he vertical crnitta.ncc. In corti,rast,. tt:c n~yir, 
tcrhniquc: pC%rfcirrus \.eq’ wcsll. Virtllally c,lintiriat irig lli(s c.ltrortt;it ic, 
dillttion. 

‘[he diffc~rc~nci~ hct we<‘ti 0,rrci‘l iott t,c~cltrtict,u~3 is iilustr;rtr9i 
in Figs. l--4. Fiffure I compares t,hr t,rajrciory aftcsr I)F corre< 
tiort (tt1)pc.r pIilL) wit.h t,lre rc*sllll of on+i,o on<: corl-wt ioli (lowest- 
plot,) and Fig. 2 compares, in the same tiiantter, the ~2flc1.cftr~ 
bel,wcrn t,he tr,zj&ory of an on-ortrrgy parlicIt: and a part.i(-lc 
whew cttwrgy diffws from t hr design, the cnrrgy difference: being 
equal to tha RMS energy spread. One can SW t,ltat both tech- 
niques arp comparal~lc wltcsri correcting 1,hcs t rajec!ory, but t lig~ 
chromatic error, i.r.: the difference nrbit, is much stnallc~r aft rt 
[)I’ correction. 

i2igltre 3 is a >)lol of t,hc, 1’ I” phase-space at ihc: ct:~l of bl:c, 
Nl,f: linac after correction with tttc: one-to ottr algorit,httt. ‘I’ttc 
curve plots the ertdpoit-& of particle trajectories having energies 
between +a, arid --n,. .4lso, for reference, the RhlS beatn size, 
excluding the chromatic errors, is plott,ed about the design en- 
ergy trajectory. Obviously, there is a large chromatic dilut,ion 
in Fig. 3; the emittance maqnifica(ion is roughly 9.1. For COIII- 
parison, we plot, in Fig. 4, the Y-Y’ phase-space at the end of 
the NIX after DF correction. This is the same phase-space, ai- 
though witA different sralcs, as Fig. 3. After 1)F corrc~ctiorl, t,hcs 
etnittance magttification is quite small, roughly a fact,or of 1 ,011. 

It is cvidrnt, flotti ‘I’ablr I and Figs. 1 4 that i hc 1114’ corri’l 
I ion technique pcrfonns subst,antially \t~Hrr that the oni:-t.o-onr 
tttcthotl. In all of the dat,w shown, ~IIC cffectivc encqqy change, 
uwd I)y the DF algorithm was A&,)/f!’ = 10%8. In I,‘ig. 5 we plot 
rcsult,s of the I)P corrrctiott terhniqrie, itg:;ti~~ follnd froltl ttic 
corrcctioll of Iwc71!~g wts cd random errurs. wrsus t,hr clrange in 
effective energy aF/ F:. There are three curves: t.hr dotted is t.hcy 
emittitrlcc magnification which has a scale on t,he right, the solitl 
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l’igurc 3: Y-1” phase-space at the end of the NIX 

after l-to-l correction. 
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Figure 4: Y--l” phase-space at the end of the NIX 

after DF correct.ion. 

is t,h~ RLIS of the traj<,ctory, and thr dashed curve is the Rh’LS 
of the HI’M Inrasllrrmerrt of the t.rajertory. Notice that, both 
the &it,t,anct~ magnification and thus ll\f!i uf the trajectory I~av<s 
broad nlillimums. Thr increase which oxurs as .bfi/i? increases 
14 (Ilie to tlrc norilincarity of t.hf, chrorii;i.t,i(~ error. In tx~~~lr;lst, ihi 
.L,E:jl;_’ dccre.~es, t,he rffrct.ivrncsr; of t hc algorittmi is rcduccd 
sil~cc~ the difTl-rc>llcc% orbit. hrcc)rrrc~s lost in thv noise of thv Hf’hl 
prtvision vi-cxs. 

Finally, the deprntlellc~e of the t rajcctory correction t.cYh- 
rliquf3 on 1111% misalignnlent. a.mplif,llde is illustrated in Fig. 6. 
Iler~, WC have -~nricd thr RMS magnii ~lric% of the vrrt.ical DPRI 
and q~~adrnp~le misalignments. The points plotted were found 
froii~ t.hc average of correcling t,wvtrty sets of random errors. Tt~c: 
solid u~tl dasho~l Iincas, at t.hv tq of thv plot, are tlx RhlSs of 
1.1~ actual t,rajertory aftrr corrcxtiori with ttrc on<,-lo-one and 

1)F’ lrrhniq~~r~s, respect~ively: thrsr curves have scales on t,hc lrfl 
sit!<> of t.11~ fignrr. Alt,hough f.ht I)F tcv~hnicplc is slight I? bctlvr 
at, correcting the actual trajectory. t,he two arr very similar. 

‘l‘tlr two ot,tlw CIII‘V~S, I hr dott.cd arid t,hc~ dot-dash lilies, 
arc: the cmittancc dilution after correction wit,h the one-bone 
and [)I,’ tc:c~tllliiplrs. ‘I’llr~ dilution after one-to-one rorrrction is 
strongly depvnd~~t upon the misalignment magnitude. Here, 
1.1~~ dilut,ion jxries from rou,&lj ‘L.5% i,o 4@00’% as the misalign- 
IWII~S itir~ase. In cont,rast,, the dillltion aft,er DF corrert,ion is 
only weakly tlependrnt~ upon the misalignnxnt magnitude; it, in- 
C~WC+S slo\vl~%r from roughly 1% t,o 6% of the c%rnittancr?. Thus, 
whrn using I)F correct,ion, t,he chromatic dilution is cffect,ively 
k~n(~o~~:~lr~l frc0i 1 hc niagnitudo of t.hc nlisilligrutlc~rlt~. 

SUMMARY 

III Illis p;:.l~r, WC: have dcscrit.)tvl :i UPM’ traject,cq rnrrect,ion 
algorit hrri for linctar accelerators t,hat reduces th? chromatic dilll- 
t ior1 of I,!w t ralisv’rev i~lrrit,f,ancc~ wliilc corrc~c+irl~g the t rajtvtorj. 
Th(, cliromat,,c dililt,ion arises tx%causc ttl<s lv~n is defec,tt-d due 
l,cb si.ray fields and misa.lignm?nt.s and it, scales, rolighly, with tlrcz 
jiLc* of the misalignnie~lt~s relative t,c thr bram six. I“ut.urr liw 
rite ~x~llicler cl~~siglls tend t,o have very small Ix-am!: to achieve tllc% 
r:cvssary lurriinosii.y, arid ttius, if uni-orrtv?ed, chron-izi ic (lilll- 
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Figure 5: DF corrccliou vs. the energy change L~P,/I?‘. 
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Figure 6: l-to-l and DF correction vs. the rnisaliglnnents. 

tiori would impose rrt~.rnz~iy tight alignincnt tolerancc3 in these 
fut,llrc n~a(:hillv,s. 

WY have, dernonst.rat,cd thr rffcsc-tivcbnc!sl: of our algorithm irl 
simulations of 1t;v K51.C: linac while, cim~paring with a stall(lai-41 
kchniquc. thr on+to- one algorit.hm. In all cases. the I)F corrt=<’ 
tion algorithm rc~d-ilc(xl 11~ chromatic dilut inn sIlhst,antiall>, xvtiili, 
corrt:cting the trajectory as wc~ll as the one-to-on? algorit hln. 
From sinlulation, u-c found t,hal with 70,~~ misalignmrnt s irl 
the, NIX. the one-tci-one algorithm causes roughly a 700%1 iI]- 
crease iu ttics vertical c~riiittancc. In contrast, the DO rorr<b3ion 
algoritlitri rt>tluc<-d the chrctrriat,ic dilution to a f?w l)~~r~-<~nt, 

‘Ill coIlchlc~, WC txlicvr that, ollr algorii hm can vfFtvt,ively 
c-ont,rol t,h(b rhr0rna.t ic dilul.ion in a linear al-cc:lt~rat~x wliilis (‘*I* 
rrrting the trajectorv. It, is irnpnrt.aIlt to notch tt:iit ivirh our 
mct,hod thr chromat~ic dilution is roughly independent of t hc 
rnagnit,lide of t,lir I~lisalignmrnt 9; the dilution d~~prnrls upon t tic. 
IPhl precision and the maglGt.ude of the scaling and RF error!: 
(not discussed iu this paper). Tllis will bc cqrcially important 
for future lirivar coilidrrs wll<‘rr it will t*c difficult. t.o achicvr PS- 
trrmcly tight, transvrrse alignment. tolerances in a Inlllt,ikilor:lett~l 
linac 
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