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Beam Based Alignment o, uie SLC I:inal Focus Sextupoles*

P. Emma, J. Irwin, N. Phinncy, P. Raimondi, N. Togo, N.J. Walker, V. Zicmann
St(mfiJrd Linear Ac(:eh'raror Center

Scan.ft.'a, Cal(fi.'nia 94309

offsets with respect t{} the final focus orbit arc calculalcd.
ABSTRACT Alignmcni correction is implcmcntcd by ci{}scd {}rbil bumps

Tilt strong demagnificalion inherent iii final focus syslclns with h{}rizontal and vcrlical dipole c{}rrcci{)r magncls within
rcquircs l,}cal cancellation {}1 lhc resulting chr{}maticiiy, the final locus. A desirable qu_dily {}1"thu Icchnique is thai the

Strong sextupolc pairs separated by a -I transform arc measurement Ioicrances are consistent with Ilic alignmc||t

l×}sitioued rc/2 in betatron phase away from the Interaction goals _ if there mc no measurable waist. {lispcrsi{m, {it

Point (IP) iii order I{} cancel chromatic abcrrali{ms primarily coupling changcs iii the IP bcmn given significant scxiupolc

duc ii} the final quadmlx_ics. Sexlupl}lc alignmcnl is critical iii strength changes, then the necessary _dignincnt is achieved.
order lo provide orlhogo|ial tuning of IIiu chromaticity and, iii l:or SI,{;, there are just two power supplies for the four

the c_,_c of the SI.C, lo limit the third and higher order of}iical scxiulx}lcs pcr fired focus. Tl-lc two X-scxtupolcs (h{}rizonial

aberrations generated from misaligncd and 'nested' h{}rizonlal chromaticity correction) are iii series {m one snpply, while lhc

and vertical scxiupoic pairs. Reported hero is a novel Y-scxtulx}lcs arc in series on a second supply, l:{}rmnaicly,

technique for aligning the bcmn ccniroid lo tlm sextupolc duc to the --I iransfornl bclwccn pairs, this is ideal _ the

centers, which uses measurements of the critically def}cndenl waist, dispersion, and c{}upling changes at lhc I1.' can bc

parameter --- lhc beam size iii the lP. Results for the Sl.(" indepclidcnlly separated into synunciric and :ulii-sylnnlclric

final focus scxtupolcs arc presented, whcrc a rcs{}luli{m of <50 c{}mp{}ncnls {}1 scxlilp{}lc pair nlisalignnlcnl iii X and Y.

pm is achieved, l:igurc 1 iiluslrales lhc eighl different observable

misalignlneni comp{}ncnis. Thc individual scxlupolc

I. M()'IqVATI{)N nlisalignmcnts arc simply linear conlbinati{ms {if these tight
The molivati{m for achieving go{}d static Iii scxtupolc c{}lnlxments.

alignmcnl is actually two..fold iii the SI.C final ft_.'us. 'l'uning

time is minimized by orthogonalizing chromaticity conlrol (-_@__.___'__..
with rcspcct to IP beam waist adjustments (]3"), dispersion x-waist ,

C{}'l'_'O',, and c<)upling c<)rrccti{}Ii. ,'urtlicrm{}rc, duct<} space O/_

requirements, the SI.{? final focus chromatic correction x-disp
sections employ 'nested' horizontal and vertical scxlupolc pairs

--fimrpcrfinalfocus[2]. 'lllelincaropticsbciwccnthclwo _ /_scxturu}le pairs arc designed lo provide a -I trmislorm to cancel v-waist

gcolnctric and chromatic dispcrsiou abcrralions. Misaligncd
sexiulxilcs within lhc ncslcd syst¢In generale skew and hernial _ _.,,, ,,-,. ,,,.,,

quadmix}lc fields which distort lhc -I transf{',rm and _} generale x-disp .--_ _.,) _higher order optical aberrations which arc nel ali corrcctablc.

Therefore, ii is criiical lo achieve sialic aligluncnt of ,,lcsc _,_. __ "_ __scxtupoles to wilhin ~200 l.un for present SlaC bcaln skew _ ,- k _ _. _" % __

parameters.

%'o- o-.eII. Till'2 AI.I{INMI:.NT MF.TII(.}I) -v-disp _ ,. x .... ,, ,.

% J%The sextupolc pairs arc placed hl2 in phase from lhc lP ;ii " x ,,

ix,inis of large horizontal dispcrsi<,,,. 'l'heref<}rc, a h<}ri,.o,,,al skew -- -- "0" " 0 % -- --0" 0 " --
scxtupolc off set will introducc a normal quadrupole field and

generate horizontal IP dispcrsion and both horizontal and # %

vcrticalwaisishifls. Avcriicaloffstriwillinm}duceaskcw v-disp ----0 I 0 _'----0 _' 0 -• % J'

quadrupole field and generale vcrlical II} dispersion and % /

c{}upling. The SIX, fiual f{u,.'us design pr{iri{los {}rth{)gimal {._
{.'on-cc0on for each {}f the_' effects. By n-ieiLsuring tile anl{}unl w X-scxiupolc _ X-{}rbii#%.

of lP waisl, dispersion, and coupling clumgc ;is a function {ii _ y.scxlulx}ic . _, ',_ Y-orbit
each sextulm}lc strength, the h{}rizontal and vertical scxlup{}lc

Fig 1. The tight measured scxiupole mi._aligninclli c{)inbillatii}lls
(4 per plane} and the d{}minant generated optical of foci {}bscrvcd at

* Work supp_}rtcd by l)cpartmcilt {>fl'inergy c{>iltIact I)I!-A{"{}!- the IP (waist shift, dispcrsi{m, and c{}upling {,r 'skew').

Presented at the Particle Accelerator Conference (PAC'. '93,, Wa.it_i__;_, _a¢ t17-2{}, 1993 /_D
., ii li #.. r%/i l. - - i_" " , ' _J¢ii ¢* .... ..,_t _t"



iii order lo illustrate lhc connection between misalignmcnl remove the y-wais! dcpcntJcncc on Y-sexlupoic strength

COml'_)ncnls and gcncralcd optical effects suplx)Sc the scxtulxflc (sh()wn is an extreme case of 1 n-un to test buml', closure).

is misaligncd (xO, Y0) wilh rcspecl to the beam ccntroid. The 150 ....... ,-............. , ............. , .............. _........ T..............
sexluixfle kick angles, (A_t, Av 7, of a particle with ccnlroid

posilion dcvia|ion (._t+ 1l& ;' ) in one scxtupolc of slre|lglh k = 3.94 m 2
Ak then become 1

T1 . )2 I(X)
Ax'(x, y, tl, (5,.%, Y0) = 2_kk {(x + .% + 116) 2 - ( v + Yo } ,

A),'(.)c,y, rl, 6,.%,yo)=Ak(._+.)t,+t76)(y+y_)) . (1)

ltere 8 is the fractional energy deviation (=fiE//_)) and )l is the 5(7
nominal horizontal dispersion al each scxlupole pcr pair.

Note, tile lin;fl focus dispersion must first bc corrected lo f_drly g-i"

k,)sc tolerances before the alignment procedure begins. _ I
l'_ach optical effect is labeled below in (2) anti (3) aftcr ,-_

su|nming lhc two kicks duc to r,|isalignmenls of one _ 0_--+ ....... _ ....... -,---_-- ....... --. .......

scxtulxfle pair and using tile -I transfon, between scxtulxflcs, k = 1.{)7 m 2 /
'Fhcsc kicks become positions al lhc IP through tile R I2 and 200

R34 tntnsler matrix elements from relevant sexluix)le lo lP.

A-_l'()t, y, 11,8.._.1,3'ol ) - At/(-x,-y, 11,8, &,?, 3'.2 ) = (27 15(7

2Aka)lS + (._-chromaticity) ;t-waist, = -1.41 :t 0.07 cm_
Aka(.% 1+ a(:)_) + (._-waist) 100 |

AkllS(._ol -.%2 ) - (),.-dispersion) /

Ak)'( )',)l + 3'o2) + (._ew) 5(7

71 (.,--slcc, Ilg) "--,._
0 -'-'-'----_-_

A)' I(x, 3, O, 6, .%1, Y,, ) - k)'_(-x --y, )t, 6, %2, Y().,) = (37 -3 -2 - I 0 I '_ 3

2 Aky )l (5+ (y-chro,nalicily) !!) ._-waist ix)sit ion tem]
Aky(x() I + .q)2 ) + (y-waist)

Fig 2. "lw()r-waist scans (lP bcam size vs. waist l'u)sition) done at
Akll6()'ol- )'t)2 ) + (y-dispersion) different X-sextupole strengths, k, reveal a horizontal symmetric
AI_(Y()I + 3'02)+ (skew) COmlx)nent of sexttlpole misaligmnent of 354 + 21 I.tm.

k k (._toiYol - -xo23'_)2) (y- stcclin g)

With mcasurc|ne,lts ()f w_dst, disl_rsion, and skew cllangcs i .I I.

al tile II) its a functi(ln of scxtuix)le pair strength changcs, lhc _"
symmetric, (._.01+);02)and (Y01+Y02), alld tile asym|nclric,

(.101-.102) and (v01-Y02), misalignmcnt compollents ;uc ,'_ y_sextulx)le s

calculated pcr pair. l:or cxamplc, tile h{)riz{)ntal symmetric
misalignmcnl of lhc X-sexlupole pair is calculated by

measuring tilt x-waist sllift, Awx, IX.'r strength change, Ak. 1 V
using lhc large RI2 (3.3 m) from these scXlul'x)lcs to Ii ). _" " .'" '.

i (._()_ + x()2)- _w,
-_ 2R_2_k (4)..... l e - >

l:igurc 2 shows two 'waist-scans' done al different X .................................................................................

sexltl_)le strength scllings. "l'he waisl l'_)silions have shifted North I"inal l.OCtlS li _ South l:i||al }"(_,_'t_s

wil.h respect to each other by Aw_ = 1.40 :+:0.(}0 cm for :| l:ig _. A horiz(mlal symmeiric c ,wbit bump introduced with

sexltlpole slrcliglh change of L_' = !.97 Ill 2 alld iIi(jicalc lhc diD)le t'()rxectt>rs t() xem_)ve v-waist dependence ()n)'-sextup()le
(showII iS _ill extlellle cdsc {)l 1 I11111 It) test [Hllllp ch)sure).

I ,..., .symmetric horizontal misalignmcnt is 354 _+_! lain strength

'l'herc are slifliciclll dip(fit correclors in lhc l/ihli l'octls I()

I11. AI.I(_NMI'_N'I'C()RRI'X'TI( )N orthogonally co|rcc| :til tight |nisalignrncnt co|l_poiletlls pcr

Allcr measurement of a specific misaligmncnl COmlXmCnl, side (North e and South ('+). A sccoml iteration is always

an ()rbil bump is inlr()duccd with dip(tic correct(tr magnets pcrlt)rmcd t() verify lhc sign and |nagnitude ()1 c()rrccti(m,
which removes only thal c()|nlxmcnl. ]:ig,ure 3 shows a large With large c()rrcclions (>4(R) him), at second smaller correcliot_

horiz(mlal sym|nctric bump intro,.luted al tilt Y-scxtuix)les lo is usually iicccss;iry I();|ligI| lo near |ncasurcmcnt precision.



With tile sextupoles dctuncd, uncorrected chromaticity

causes the n,nima of Ihese scans Io increase. A praclical IV. C( )N( "I .I IS R )NS

approach is, un the two scans on either side of!he nominal This sextupoic alignment technique has been used

sexlupole setting. This optimizes the waist measurement successfully before each of the 19q2 and 1q93 SI,(VSI.I)

precision by reducing the chromatic increase, luminosity runs during initial machine setup. Immediate

To furlher optimize measuremen! precision, the IP beam impact was seen on IP beam sizes obtainable and overall final
size measurements are made at low beam curtera (0.Sx10 lO) focus tuning time. '!t_e dramatic increase ill Sl.(? luminosity

with the existing 4 bun diameter (Tarlxm filament wires near over the lasl two years owes, in part, !o careful inilial final

the IP [31. The measurement is corrected for the large wire f(_:us sextutx)le alignment.

diameter and clean, reproducible results for the single beam of
inleres! have been achieved down to 1.3 btm beam sizes 14]. V. A(?KN()Wl J.JX;MI_,N'I'S

When the alignment is complete and ali corrections have The authors are grateful to the Sl,(? opera!ions staff for tile

been verified, !wo linear c,m}binalions of the two sexlulx)le many hours of machine stability necessary to co|nplele the
pair strengths are scanned Io minimize tile lP beam size per alignment.

plane. The linear combinations are iliten(.led to orthogonally

control horizontal and verlical IP chromaticity 151. With the VI. RI:J:I'_R1-NCI_.S

sextupolcs aligned, these scans will now reliably minimize [ 11 In this case 'static' refers to a time scale etf many hours, Small

chromaticity and achieve 'he opti|n_d IP bCaln sizes, l:igure 4 diurnal variations are compensated with normal daily tu||ing.

shows a vertical chromaticity scan done allm-_diglunent which [2] The ()riginal SI.(' final focus design used eight sextuF_des per
achieves a 1.55 _m verlical IP e _R2alli size. side. Subseque_l( investigations showed !hal only four were

18 .... ,............................. , useful. P,esently only four are powered which improves
alignment lolerat|c'cs.

]6 13] ('. l:ield. "l)r(_tqems in Measuring Micron Size Beams", /'roe.
Parti<h' A('ceh'rator ConJ?rem'e, ('hicago, Illinois (March

[ 4 1()x_))

12 141 IP wire measurements are made in 'round-beam' mode where,_ the huri/ontal and vertical emillances are nearly equal. In

"flat-beam' mode dec_mpling the damping ring tunes the
---, l() _ _,ptimizcd vertical li ) beam size is -08 Btu.

"_"'_ bUn , /_) 15l N. 'l'c)ge. et al., "'('hromalicity ('orrections m the Si.(? Final

g q, (mill) 1.55
l:ocus System", I'roc Parti(le Accelerator (.'onference, San
t:ranciscc>, ('alif_)rnia (May 1991).
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2 ............................................... C_...,o = _._ _Z_
() 1 9 <.,< _ = =..,

y-chronmticily [cm/l(X)MeV] =- =" = _-R .., ,_ ,_ -,
¢) _ ¢. -."v:) _ ae =_" b_,

|:ig 4. A vertical l| ) chr,)maticily scan allcr alig)m)enl which m)w a. ,.e _ _ _ _ ..,
truly minimi/.es _hl(m_aticity. The v-chr()mati(.'ity c_)|)tr()l is a o _ ,- * e_ _ _ P_ _C_ '_ =r- ca. ¢_ _.- a _. _

linear c()mbinati(m _)t sextut_de pairs calibraled in ce.timeless _)f _ g (_ _ _ _ _ ,,7. = =

lP waist shift per ItRI MeV energy deviati(m. A miuimum stx)t ()I _ _ "-, = .., _ _ x m o

(?are must I')c taken during n()rmal ()pcratit)ns t()nlaintai|l ,- ,-, ,,, m + =
each lilml focus orbit ()vcr the durali()n ()f the run. _ ,-,a _d g _ _' __

()ccasionallv orbit disl()rtions appear which !nay bc !l;t(.'¢d l() -" -,_'_ -- _ = "' ),=,(
bcarn Ix)silt(tri in(mit(tr (BI)Mt ()flxct drifts or a(.'ttl;ll tl-ajcclt)r\ " _ o _ ....,_ . ,=,o

changes within the final focus. 'l'hcse chance.s, mu,sl ht: _ _g'" = -' _.=. g a a _I
verified and, ii neccssmv, c()rrcclcd with s()lnc sub,,ct ()I !hL....... _ * =.=.E .-, _.•-,.o o g 0g ._,,.e,<
alignlncn! techniques described at'etrc. N() .stccFing is d()nc _ " "-, -_ , c _ =
within the final focus cim)malic C()FICCI[()ll sccli¢)n,,, wilh()|l! ,- ,-_ _ -_-.= m m (a

la _--._ < "* "_ ("a (:_

verificali()n ()1 file sex!up(tie alignntenl. - __ '_ _ = o ..=

_---'a::)"0 _ _ ,-')_r'-

", g'.-'g " 0_'L o la =
O __..., _ _._.a _ a _',"

. =-- g._ g.a ,-_

- ,-. _ B R_R R _.






