
1768 
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Abstract 
Studies arc made cm magnetic fiolii rcprc~st~ntntibn using 5 

multipole expansion as well as the ~xart form to calculate the 
magnetic field produced by eddy currents In the vacuum, rhamb*r 
(8 the A(;S !&oster as wpll as the fiibld pro~il1~4 hy thr~ ~,II~II 
correction coils attached to the top and hnttom nf the varullm 
chamber. ‘I’hc multipole represent,atlon of lhe charrthPr field does 
not, crlnvt~rg~~ to the exa(‘t. field whpn X > Xlrntx and limits tl!P 
part.icle mot !01i ’ When thr itxac*, forn~ of t.hp c-hnni’ihcxr field is 
used, initial amphtudes in the horiznnt~al plane (m~asurr~-I at QF) 
can be nearly as large as thr chamber half apertllre. llsc of t,hrer 
turn correction coils to compf’nsatr the rrldy cllrrent fields SCC’IIIS 
to rrduct: rather than irlcreasts t,!lta accf,pt itlj~‘rs 

Introduction 
hlngnetlc firkls will t>e pmducect 1: ‘5’ wl4y i’urrcrils ~ti 1 Ii!’ 

vacuun~ chamber of thr AGS Hoctstrr. 7’1~1s field vxric3 wil Ii 
13 (l,,f :inil Its iluportaucc! clfarigt-h ~liirm~ t hr* )i(.i.(,ll’!.ilt,I(1II “y”It,, 
in t.he present work WC use Hdol/B = 2.5 SW ’ wlt,h 8 = o :! 
T Altho\lgh y,t:e V~CUU~II rhar,ll->rr IS stalls :f IIICOIJP~ I:~T’J, 11a.s :t 
rPslstivlty0 = 1.2Ox1O-6 $1111, and a wall thicktiess qf il = 1 ij riinl 
(0.075 Irlclles), ill the prrsellt stdy l,hl! VtLlut’h r7 = I ‘Jdx 10 -6 !l‘il 
d = :! 0 near, haw tberri IIWCI 

‘I-llc etldy c‘lurreilt. fits1i.l i:, 111 LP i..:~l~l.ii’~~siti,i:il i>y 1lir.t~~~ t :1r11 
ci,ils at,tarhr~l t,n the top cti~il ilcstt,.!rn of lb :‘:tr‘ulut~t ctianilxr. 
Figure 1 shows the first clun;iraut ,tf t,hi: chn:ul.~~r ~‘r<ibs set’tlo:i. 
‘I’hr r.,-lils will 1)~ pc-)wpre[.I from a lucklpg w~ndu~g on tit,, ctipol 
with a srrles rrsistr,r used t1.1 ac !JUSl tet,> c~llrrenf to t1ic !!WiIY~l 
v;rl1:r. This arral~rr~irt~i \.,rl)vicli,s 21lti~1ii;tt.i~~ r’c,:~~~~<c~~~li II :ii 
1 tiis Bd,,, ch;tngras thruughc0tit fhr acceleratio~i cyf.!~~ 

Magrrtxtic Ficlcl 
t:sing the r~~nplex field notat,inn of Beth” 11 = If, + ,Hr. 1 II+ 

fi,,lci I>ri\~llli~~~l at p#sltlvn % ~3 .r + ;I’ 11~ i 1 l‘llI’r”lll ,?lfliiC ill, i at 
L<.(k) = dY,,, (k) - ak; jk) is: 

H = I/Q (tanh (aZ%&) $ oitll (~%%/L)jo) (1) 

wllf,rr, % % = % - Z,. (AZ). ‘l’hi:, cxp,rt~ss~tr:~ IS t~,xt~~t~l~tl t,c~ tllf* t!~re:a 
turn correction coil and b~cvrner- 

All = poI/ilg 5 k e ( tatrh(x%Z/Zg) + coth [TZZ/%J)) (?) 
k:-, 11, 

with Z% = 2 - Zc (k, m), g = ~2.~55 mm 1s the gap, the sum over 
b is ma& tc dpsc.rihe thra two c.clil pnsltlorl\ its wpll as the- d14er~111 
mlrnher oi tllrns at the two poslt,ions, and the summat.iorl over rn 
is ~tsed tc lnrlll,lp thr crmntrihutiorl froin fsnrtl qlln(irn:It of thcz olil 
with: 

Z,(k,l) - -Z,(k)‘, 

Z,(k,Z) = -Z,(k), 

Z,(k,3) = i-Z,(k), and 

z, (/c, 4) = -k&.(k)” 

* Work performed under the ouspiccs of the 11 !: D~~pnrt~nwnt of Fmergy 

where Z,(k) = S, (k) $ zY, (k) are the roordmntes of t.he ktll 
current rlrntent in the first <{l.li!,‘d’.TLllt, Mid * dPI1ot,w t hr fl-~ln~‘li~s 

conjugatr It, IS assurn?d that the fica!d is a pure rlipolr ;I! 
the origin. Thp nonlinear part c,f they ~-~-~II fie!d is obtain+{I by 
vlhtr.7c+ing tli: (l~I:oIf~ lieI< frirlii tllr~ tilta! firlrl. tl~ ~i~~ii’n(ii~~~c~~ 
pf this field on transv-rsr pbsltion 111 tllf rnagrl~t rni,ip!:tn~~ 1:: 
shown in Figure ? 
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Figurrt 1: A Y ia I i :i-s: oft Ill. lli.hf ~{il;rtlr;lr,I i,l I..l! Illiil%ti’r v.,< l,,,,,, 
!.lliillllwr. l’l~~~ tirht lurli of 111~. ~~~i’li’i‘lii~ri ,‘,j I ib lcti~;~I,r~i 21 
.\’ = 31.75 liil*l, 1- = ‘_!I 4-i : i I lli, lllc’ IJt,Iii’I’ t’+\~j ill'? i’i’lil I’I.t’sl 3.1. 
.Y = I3 511 lllllf ;Illil 1’ = :t:: r4.5 llil,, il’ll(’ stlr.l’a? of t,h+ v;l,‘,,,i,i, 
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Figure 2: Midplan? rlrpel~clrr~cr of t!lP nclnlln=ar m:Le,trt;tir‘ fit~ltl 
from t,hP :1 t,urn ‘~i,rI.Wti ,n ,.Oili 

Chamber Field 
Tl1;a rlingnr4ic fielci ,‘1“‘ilWd I+ +,tiltly (‘ll[‘i‘~‘Ilt?~ .n I II” ‘i’;,<‘l,lli!l 

~3-1at-rtt~r has calsc~ been -vsluat,ed usir~g tllc. exact Ecir111 ft,r flrlitc 
,‘~icrc,lit cll~iui~tlth I:1 Illis c’l~c i~juiil iilr. 2 ih :iiGi.!ifif;il :*h fl>lli>rvs: 

iv, 4 

A13 = pol/4g x x (tan.9 (T.ZZ/$/) + coth (IraX/‘-‘g)) 
k=l 171-l 

NV 4 
i :J) 

+ &/4y E c (tanI iliZ.z/“g) + c-ot1i (sZZ/ZgI) 
krj m-1 

where 22 = Z - Z, (k, m), ~40 is the pcrmpability of free space, 
I = 71, dP dBd,,/a, t.he t.op serticlri of the vncll~~m r~l~n.ll;tr*r shnw:l 
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I Table 1: Multipole coefficients for chamber field 
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Figure 3: Dcpwi~lfc~k~~r of 1 IN* titidplani~ firI, f1311t1 t 1~: v;+(‘~titttt 
chamber and thr correction coils on the rorrcrt,f>r current A 
rc,riwt’,r ~~llrwl~t. of 11 4 A wetrts i8pt.ittlttrtt 
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Figure 4: I)f iv:ttlenr.v ~fAB/f1 ~JN TIC,, l~l~~c~tll~~tlt I,, t ii? ~~ll:klilhi~r 
ttil~-lplal~c~ .\I sli’tiotes :t i,tt:it!ltwr ttlll/l,lpi)lt: i~xp;~.n~ic:n (<3)rrrC,t.c-lr 
I”trrrrJ: I = 1 :.zi, .A) ail.! I;’ iic~rtl~li\ ti1F. pxit.,t clla!ntyr fielrj (I 7I 
II 4 ,A) 

111 Flgilre 1 hits tVii,ti rltvidCr1 ttnt,U Nx strtp~, of niGlbh ,lf = &?l, 
ittlti t,hr siile s~ctti?n hah Ibe?tt iliVl<lt~l ttttil LVY sl,rips of width 
ilE = c1Ea. Fc)r the pri=srnt stuily ,Y, = li!lL atiil ,Y, = 50 

Multipole Expansioll 
The i~!lor:ltwt~ fiiltl frr.tt, t hf~ l’X3l” f<JrIli hit.:, brrn Pxprrssr~l as 

a mult ~pr)l+ expartsic:n; t,he coc&cict-11,s are Ilstetl in Table ! 
‘l‘he e-&itlat,t,.,ti i~f ill:: fit.111 frtlt!i t ht~ var’ttttnt chamber anil 

t Iv i.tlrr,c~ t ut’ti corrwt.litri rnils has hiTi*rl itict)rjIcIratwj tn :+ st,:ttlil 
it!nnra ~rrf~gtxni, atld l,hia ~li~~.~~~r~~ic~rt~~~~ ,:f I hr ra,linl variativtt of the 
tnagttettc fitAId has hcrrt d<‘tc:rmtned hot,h on an.< oft’ thr median 
pl:w As t~~p~~:~ed, there ts left -right symmetry of By and 
left- rtghl plus up-dowtt antisytnmrtry of BX The vartation of 
LB/l? when t,he chnmhC,r ficiitl is rc.prt3C,ttted by the exact forttt 
(or by 9 m~ult~ipolc expansion is drt.ermitti (I at. differrtlt transverse 
p.wtmns frlr scvrral !,otl curr’rnts (Figures :I) A current, is then 
se!ectc:i that gives &tt acceptable vCntion of LLB/R over the 
tntrrval 0 _< .Y < 50 mm. For an assttrnpd Bdoi/B = 25, B = !I.3 
7‘) reslstivlt,y = 1 ?d x IO-sfl~n, and 2 mrtt wall thickness, t,he 
o$imrtm results arr ohtainpd when thP current is 11.25 A with 
the multi;:ol* expansior: and 11 4A with the exact f,2rm The 
variattotl of t,hp t,otal field wtth tlisplal,etnrnt fr81ttt the center of 
ttir varuiknl i,hn.mhrr i3 ihown in Figltrc 4 It IS posstbl~~ :r: rc*<lttcc~ 

n bn (mP) 

2 5.038 x 10-I 
4 4.813 x 100 
6 -5.933 x IO3 
ti 2.171 x 106 

10 -1.269 x 109 
13 3.606 x 10” 
14 -2.183 x 10’5 
16 1.368 x 10’7 

an/E? to (+O 1.5, -0 04) x 10 -4 over zhe interval 0 < .I’ < 50 
mm. 

Particle Tracking 
Lattice 

The Uuoster lattice consists of six periods each containing 
Lttr PO110 cells. There is one ~li]~oIe slot pet- half cell; Ihe dipole 
slots in Ihalf c,idlls three and six arc ettipty givtttg 3G dipo!es in 
t hc lattice. (.Jhrontat,irrtty correct,iott ts achieved with t,wo fantihes 
cof sextupules, SF and SD. placed adjacent to the QF zuld QD 
qttadrltpolPs, respectively. Sextup&s are present tn all half cells; 
there are 48 sextupoles in the l&&e. In the present study the 
chrumaticily is corrcxct,pJ f.0 zpru. When the multipole expansion 
16 used for the chamber field, the chromattctt,y cotttrtbution from 
the bz coeflir:icttt s is irt~~ludrd and ,-orrert.rd. When the correction 
CCIIIS arca ?~soti with t k!c, esac*l. forttt c~f the chatttbcr field, t,he 
rtssurttpbton is madr that t,he srxtttpole fields cancel, and only the 
ttatural chromatic.it,y is rorrect.ed by 1.h~ SF a.ttd SD spxtupoles. 
The chromaticittes and spxt,ltpole strengths are listed in Table 7. 
‘l‘he betatrcbn t,unes arc is).c = 2 d20, Q:j = 4 82. 

Table 2: Chromat!ctty and srxtttl”yl+ stri-ngl.hs (c, = i, = 0). 
-- 

Exact Form Multtpole Expansion 
NZUlIIYli IrltyJatk~:l C’hrortt IntcgrateJ 
C’hrr?rrt. Strength with b2 Strength 

N -5 093 -O.lC?lh 0 239 -u.o9023 
Y -5.447 0.2949h -10 431 fl.42166 ------..---- __ 

Shulation 
The prograttt Lr 111r: filsld c’:llC’aJlil~.i~ltJ ll:W bwll itlCr.Irpuratrd 

IIIIU ;I vc’rslott $,I !I,e PAWLI(‘IA trac.ktng yrogratn wit,h tlie 
(*g>rrPctnr currrrtt being de!irtPd in t hc> inpttt. Options are given 
1.0 aih~w trac,kittg wtth the followiq con~lil,inns: 

1. Charttbcr (multipole expansion j, 
L’ (.‘hatnber (ex:tct form), 
3 C:hamber ~tttultipolr~) + rorrcrtton coils (exact 11, 
4 i%nrttbi:r (esac:~,) -+- i.orre~*i.tiin coils [rxart,). 

Ihlrltlg trackltlg the LIB/H at tt it’ r-i.r:ttir and isi.cis f.if c~acti 
rlipol~ arc d~~lt~rrttirtPd, art<-I the particles are g~vcan a ktck with 
ABP/Bj.) weigttttztl acrordtng a three [l,.tinl, Simpson :ulc ‘1‘hc 
n~rttp1tt.v: ltrtt~ ((,‘I1 AI’ X iLIP) rfdqtttrrd f!.rr tracking wt!.lr t.he 
pxart. forrtt of the r+tamhpr fieH ts large; the time per part,tclc 
t.urn is 2.25 rns for thr chamber multipole expattsiart only, 10 mS 
fc>r the c+t;Lml)r~r rtiitlt,tpole Pxpansion plus the exact ialrulallc~rl 
vf thy three Lurn correrl,iott rvila, ancl G3G nts when tttfs exact 
forms art’ uscbd for the chamber (Nx-.lOU a:i(i Ny=50) and the 
c‘orr.fcc.tion c~~tls. Origtnally thp field determination wtt,h the exact 
form was made witIt Nx=lODO and Ny=lO(!O. This ts ~~rohtbittve 
for zacking; reducing the number of currert: elements t;, Nx=lOO 
and Ny=50 per quadrant does not sertollsly effect, the (descrtpttcln 
of t,he tnagnetic field. Rtrt.hermore, the tracking runs were 
reduced from 1000 turns to -100 turns. 

Mottort for which thr parti,-IP E.ntplttttiic rxceeds thr* ,,hattttlcr 
ilitn(~ttGotts is menttinglf3s and constitttts c-riIrtyi.tt,er titnt?, 0,rt- 
srqui-ttt,ly 2 t.Pst IS tn;tdc~ at, each dipole t,o assure that th* test 
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particle is wlthin the varuum chamber For a partirle at position 
(X,Y), the surface of the vacuum chamber is determined from 
r’ch = -O.li2631x’1 + 34.925, and tests RTC IlIitd* to assure til;tr, 
IE’) < Ych and IsI < 82.55 mm. 

A detailed study has been made f;r l~~riy,oni,al antplituJ(ss iLt 
the QF q1ladrupnle.s between 1Omrn and 8Omm (Ax = fOmm) 
Particles are launched with (X # 0, Y # 0, X = 0, sncl Y' = 0') 

Or (X f 0, Y = 0, S’ = 0, iilltl Y’ # 0). The verticnl ~rnit,l,ance 
is increased in increments correspc>ndmg to LIY = lrnrn at, a QD 
until the partitlF% 1110t,inn ~XI:W& t,he dimc~tis~otls of t,hr VN~II~III 
,:hamber; the nvfrage of them pass/fail arnplit.u~Jps is llseil as a 
IIIPB.SII~P I\f the vertxal aperture*, an4 t,hP sn~aller ,lf ~,I!v measur+ 
ments from thr two launching condition:. lb UbCil I.0 ~i~~t.cJrlrLi,N 

t,he aCCepta*Ke I11 g~il~'td, I he first Inuncliing ionilitioli i’;iiizc’s 
Pmittance transfer frnm thr vertical to ho?rizrlllt.nl plnn~~, anil thp 
serowi callseb ~?Iliit’,:tiic’t~ I.la:~siir front tllc, lt,,rlz!)nt.;il tir vprtif:;,! 
plane and t.hi~s limits the acrepta.ncP Figure 5 shntvs the result,+, 
when I.tir c+ianll~-r firlii is reI~rc~sentr<l k1.v 1.1~~ r:iiiltl~,<ili~ I’xj~;til- 
sion; the pitit of ohservkorl is at t hP rnd of t,hP dipole 11ear tip 

defocusing i~lldrll~~cilf~ wl~ibri. thr Il~~ri,7o:ltal srz.6 is li~:llin.t~l,l :ilr,-l 
thr vertical ~17x2 us riiiiximlilx Ixgrr tl~.~l.ly.imlilI tiIs~~l%:-c~l*lelits 

RTP I)~lsGt~lt* whc>rl th(, ~orrrctio~~ ~(111s ;arc’ 11r11. ~~rr~.t~r+,l t h:~r, XVT!~VII 
they arc ~“.AW“CVl. 

‘i’he I.“SlllfS fc,r tllr vx:irt 1;)1.111 pIUs <‘~.rl’!‘~‘l,l,lli Cl,llS art’ bl,l.iM’:, 

111 Figuw 1; As t~c,f.~re, tllr i-ilrrrcti:,II VOII:, si,f’~li Lo 1I~r~3si~ ttirz 
acr:e~~!a~lr’r III t hs (‘:tsr ]'"'t,lc~ll~s tlilvitlg ‘rl~‘l.l;:i~Ill.ill :~lrl~~lltlltl4~!, 

~iftiOIilIl1, Iti(~Ci5l![.~‘il 3t t!le C<2Ilt<‘r r,f tf.C (21’ ijlliL~!I.ll~)~)!fiS 5ilrvivt 

ttlK.iUglloUt ttl? l,raCklIlg Iwii. 

L’liP ;,rc’I.’ I’l;~*ic~ pr’, tilt at, ~8tl~i~r~ ~vL,:I~ ilbi~.i C’:~II 11~s iif’tc,rlri-i,+l 
by scaling I i~t: ws111ts SI~~IWII ii-1 Figurtds 5 X- t; II? I II<, ritt.1115 of t 11: 
.p r;ltli.t jr,,,,, t t,vw rat im i4ri listd 119 ‘I’~il~l~~ 3 f,>l. t IiC’ iVl,ii’j- ,-If 

ti1r LJb illXl (21 1 ~pulrrl~:‘ll~*:! il.5 wll 4s ,lI ,I,<, (\%I, r.li<lz (Ij‘ t Ill, 
llipolcs, BCJF ii11i1 RCjl 1 

Tablt~ 3: seal? rcll~l,il!-i) f ‘1‘ t fPli>~l.‘l ,:,g N .,I;,1 1 
(~ f; - -. -----..__ _----__ 

rcc:! 13’ IiC)IS (Jr-l --- 
;, 

i----.---_-- 
I:1 Ifi ! 1 4.1 4 lb .J ” f]J 

4J ii iI1 .-, I I II 1’4 I :i.rx 

S/X(, I 7; 1 50 1 110 0 !I:( 

Yj1.I s ( 1 .-, ;, ci.i;;- I .I10 I ii I: 
____---....- ..-__-- -~-.. 

R.r~;ults 

The psc,ril, stl18ly Indx-ntrs that a fit 1~1 ri.I.‘rr.4t’iit,;tb1011 tN) 
il t?lllltl~~~ilt~ r~nlm13iulII f’lr ii ~I~:II-II.CI.I~HI gc-i!tuqat,ry cilvi rgi2 ii1111 
g:vra results tli;:t arc [>+shimirtli I’si, <.i t1x c,xac‘t f~Irlii fc’r I t,t, 

fi:slii rcprt,>c~rilc~t 1011 1):‘1~dlc1,s l:irg.ar iii.[-tlj~t,ii~~~~~~b It1 lli,r.li (‘~st’s 
the iu~~l11~i101i oft hi* 0’ rvrf 1otr c111s ri ~IIICI‘S t t1(’ :~ri’:~~italirt~ r5t!ii>l. 
1 hari Increasing ir H.~ius t.:ivi: tmr*II mit.!i. wit.ll the ~‘CI~I’CII~ 111 .I,# 

cc,rrf9,t,ioli o!ils r:’ vi,rsi-I t 0 vt~rli‘y t 11ry 9rc’ i-f)rrf~rtrd j.‘r<ll~erl;/. 
thi:, ~o:,figul.atl(,n hlrt,h~~r r~lr~r-i~, the a(-rC.pt:i.lnrFs Runs wcw :11si1 
niilsit’ wll tl n- fif,lil fro:*1 tllr r.linllil~r,r ill’ 1 hi% rfkri’f~,-t.lr~li oril:3. iii 
t IhI\ cimt tli~~ accrpt.aniY was lll(.I.t~iLst.iI ii,l,il ~m~vi~ivs :L r~lit~ic 1 ha! 

l.i~r rhamb~~r fidil ;ift’wi.s the piri,kli~ tlk)l i011 

A Inrrvif u:, htikliy 111;t(l(* wtji-il t ir &!,I i)j‘ 1 hf. c-rrrrei-t l,,tl ,~,iil:. 
was reliresc>rLteil Lly a i~i~iltiple caxp;tnsiorL (r:ilthc,r i,h;ili 11-1~ exd(‘t 
f >rm! shorvcd t,tlo firI, tl+scrig~tIc)r~ \s:~s tint, vnl~r-l fl>r dlsp!“‘-~‘l-iliIit.s 
~sceecin~g tb rarlius of the coils At small ~lispla~~nl~~nts tlli, 
mlultlpolr rxprtnblr~l. ro:ll<l 1V rq.Wrr-i 1 to hi’ SoI-~-ICv~llRt uil<l 

the presence of multipoles with order higher than sextuples leads 
IIS to sin-misp that, t trr PXRCT, field from t,hp correciion g,oils Aso 
has higher ordr: (‘~:lll~~~lnent,s and 7 that. tl12sr limit th<b ~:~~~P~~~~I~w 

(‘oUpllIlg wit11 1m,sf.-r (If rllli~t.nlliY lIF*t %P-‘li tl1- tl~rll:‘.i:iIltill 

and vrrtizal plar~cb is rlloslwt WI-IPII ctm,ln;tticit:; rxjrrr.-tirlg SI’X- 
t\lpoles are in~.lu~leJ in all half rt~lls of t,hr lattlrr. ‘I‘ht, ~hrrct,lr~l~ 

of the emitt.~ncc~ coupling (horiTor:tal to vcxrtical UT vertical t,c, 
horizontal) depends on the launchmg conditions oi the tesl par- 
t,~cle. Two lau~~shmg condit,i~)tls tIave bye11 ust~cl. an;i t,hP smallet 
of the two results is reported. Tracking with the first launch- 
illg ixndition indiixtrs t,hcre IS little ~nl:tta1l(y ‘,rarlsfer fr,.nl the 
horizontal to the vertical plane, while thP secrlnd laimrhing con- 
ciitian sh*:\rs a 10 ~1.5% t.ra.nsfrr of emitt.an~-f: from tht, kl~-irizontal 
to the vertical plater this brcc~rws imp~~rtrlnt. rr11~11 c,~ > ‘:* :~r,,l 
ra~~ses a reduction of tlie acf.cptallcc, 

Refcrcnres 
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Figure 6: 11~wk111g n>stllt,s 41 mmg 111~ II~:IA~ ~IIIIII IllIt 1.11 \Q rtt,.;tl 
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