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C’ERN 

CH-1211 Grw~\x 23 
.4bst rnct F:ii~,ly tl:ililg t 11’. I.EP co:iilllii~ioliirIg it was dis- 

C~l~Wi~<l t 11;4t -Iliw \Vi,F a,, :L‘!.ill(l11:1~t Ii:,- 131 RI’ h:~riz8)nt;il ii-) vcrticir! 
<I]‘: iN.31 vol~l~l:~lg ix t 11~ viAllit>, of tllc, nwnlii*l~Y Q7 - C,, = -8 
Pn~cisiou hwli 111~ili~r(‘lllcll:~ wvi I’ Illl~lcrtillit’ll to hrillt for tlw 
Xi~,li‘~‘C’. I\I~‘;l~;rll~~lll~~Ilts of tlu <.l,>‘i’ht t,,l,P ‘q’*“““dl. of t,llc~ cow 
l)lill:!; i)f lioli:~~ti~t;:l (I> 7.9 ti~..il i>i.!,lt:. ilnrl of tlic ubiil~ling of dis- 
l~~Ac)u IV<YC’ ~~~~oI.I~I(~(~. Tll,wx !l,~‘iiSII1.~~1I!~-~Ilti poi11ictl to a wak 
1*.,,111’<’ witllil: t 1111 :lipoh, v~lii~,li :\‘ils ilitl,yl1dcmt of Cliergy. l-lot 
~~l~llhl~lllt H~i~llllC! slw I-ing. ;rrl~l whir-h sI~o:Y~YI tllc synul~rtrim of 
&~V. lp’“lrlipolc nntl Flaw :estillml{‘, Coxlllwlison wit11 nxtgllt~tic 
.1,(~;1~11~ v:ll<qlt’i ~lioiv~~l that t!,v ii1111 i’ta ,~,illtl lw itlwtitii~tl as ‘~c’i:lp, 
;i ~~1;4~11+~ti7& thin 1;3yt7 of IliCliC*l 1bPl to r.l;lri fl:v l<,::il sllic~ltlillg 
I tuti, 1111, :dlluliuiluli ~.ll:lllllit 1’ Ret~nii:i~ illi, <qdic,> :in-;hy f’:-:vil 
tlli< rf’x~llf,,~‘<’ (10 Qz - Cl,, ” -6). ;lll~wY~ IlVil,’ Iloi.lllill “1”“” 

t i.,ll c,f tht 11L:l(.llill<,. Tllc. lill<,;ir c.~,~~:rlil~a Tvhich r<,ulaiuvl cl:~\~l~l IB*’ 
r,i,l~~l)(‘l~~“t{,cl a5 il<~sc.rilt(Yi in it cril~l])i~lliO!l ~JCXi”‘Y, Tliei LEI’ ol)ti- 
i,;tl j~lf~8li~l I~lcnlifi(‘il ;l(~~.t~r.iIill~ 10 -I.+* 111~‘;1~-l1*~~1ili~*11”. I~iItllil ~~l’l’tlil’t 
1~11 th-, <.ut1j:lili!z 1’~wxm~~0~. ~~~:ll;rrll~fiz;~tioll o! i, sl101 t Init(.lliw~ 
icv~ti, ,I, ,\i’\“‘ ‘.OLllf’ illl~~~o’~“Lli”“t 

Introduction 

\Yllf 11 l)~~;it~l v,xs tint illjc~~.t!‘tl il.10 I,I<l’ old!- i3 fPK orllit 011’uY- 
tic,lis n-r’rc’ rf c~l~ii.rtl hi tilt. l,cillll to ~.imllli!tc~ oiii’ !.i:rli Ulltl Y0O:i 
t litwyifiiq it ~~~~~it~ul;~ti~l~ la<~olll !viis t)l~t:riur, ’ v.l~il<, illjcctirlg oil 
tilt, i.t~itral wfvxmw orbit. Holi~~~wr. nlirw llsilig the noil:iiihl 
r,ff :t::i’i i:ljt~t.titrll, tlir- ;~,~c~lUl~,il;~ti,,ll ,>f it si,E,lli!ir~i\xlt l~l’illll l’l1TI I’:lt 
l)(~iilu~. luw?:l)~~:twlly tlifiivult. 

7‘11~ filxt striliily c~l~sc~rv;~tioll~ I,;,<1 l,<Y~ll Ill;Illr VYC’I, lldoll- till, 

111’:,,1,7 r.il.8.ll.;it<vl. Iii<-l:ink 111~. ‘><Tillll Iii sli7,.‘11ti~:l!~ or !.*‘I ti~~:lllJ 
~‘ti,;~t (~1 l;:ryv i~rfi(.al ijr l~~ni;-oli:;b 1 tli,~'l;li~c~llli~iil~ i,'- IllPlY \-Its1 oii 

tilt, Ilil!iiilwmlt hmm’xih. As 5~,01, i,s 1111, llli~ililll.i~lllt’i1(5 01’ ilw 
first-tllrii tr.;ij<v~tcq I,f:canc i~.i~~~il;~l,l~~. it cli~al m~ll)ling of t.ll(s 
tr;:jc*c[cjlic,x .~1~1141 l,t, oI~z.(~~TY~~I (3) ‘7 O:I tllc PIT’&. i.i,. 1.5 Y il, 
llcirlll;ilii!tvi :,;~ll~lit~ltlf~s;. fig~~w lj. ‘l’llis i?)lll,lilic, ili;\uiG~:.IvI itii,ii 
ill cit1lf.r \v;~ys ;~IGCI 7-l~t3 I>!‘it:lih :t1t1”.ttI.c’kl tilt<,,1 ;iWl l)lC,lVII 11,’ 011 

:Lta .s:;~i ~ll:~+t:~,ii liqlit nkoilitorh. Till<, Ill~~il’iilt’111~~111 :*I,11 I~.~lltlcd 
IIf ill<’ l~~‘ti*t]‘~~Il tIlll<‘Y \V(‘li’ llitll ii’lllil~l>’ ~~~‘llfilhlll~?: iuvrmtl(.litb of 
I IL12 110: i/,<tIlt ill 1111~t’ C;\ilWtl i’~l*Uit;tT ?tlblL’ Cll~lll#i~S in bO!~li tll~iC’i~ 
tli,, iilhil~i~llity i:s to wlit*tlic7 tli~, :,:,,es \T(Tf’ IAm or almw ii 
li:ilf jl:tt,2~c~:~ witi xty,. clifiit,ilIt tcr : :,~i)l\?. 31 I~l(w’*l~‘r of ~wiil>lir.g. 
Alli\l~~,.i. of tll~~ >Y ‘(71~1)‘ imcl S~W~-~~~IIII cd t II<- c-b)s~~il olI)it ww ii1 

f;if.. 11~1> iilwt rc,li;tl,l(~ .,!i,l:;. Tlir, ,.l~‘.,h,ili’( I r.1l~c)lll~iii~itic.s c~slltl 
11ot lJ1. trwtcd ( =z -Cl)). From t,lir Ata collected at t,llr tiiil,,. 
tli..> ‘i:n ngrll of t.llv ~:oul)lins rvsoni:xlw Ii’1 C‘;~II Iv, mtiuiltul to 
lb, l,ctnrmi 0.2 ;ultl 0.5. 

Fiiltling 8 soll:tioli t4) tliib cliall~.llgjrlg tlifIi~~l:lt~~ Irc~:Xll~~ ii 

high l)x.iot.ity ftx t,hr LEI’ ;w~:i~l~~r:iti~i. l)hyiic.ists ;iiltl ttlhr \.i;- 
~-..-- 

-,i,, I?il\.‘. <if a!wlicr frlinl HSI,, I”;!\ 
t 01, It?~VP of al,sencc from Sl,A(‘, USA 
t(‘,,mll I’ / lIS.4 
~1’s. Swit7><Tlallti 
~Ilb’SSI~. (;vrrliail; 

4 vex-t icnl 

~ft.-axS ilijfvtiiw 

Fjp,,,p’ 1: \isrtivid c~.cill;~~itn~h (hii, ti) i-culplil:g v:itli tll(, liori7ontal 
iii,jw:i011 owil!atims. 

jfgjls, ()iic(’ it11 1~~~<~:<1~vc’~vlly stlc,11g liuc~;rr c-~1il~~;iii& 1t’SC)IlilLil’t’ 
0, -- Q,, = i-0 34 7E.47 ^ --j ‘? w;ti i~!vuliii<*tl ikh tlw viillsc (tf tllr 
1,f,;t111 l,t~jiiivjoilr, ;I scLrifs9 cd r,I)-is,s lll~‘i,s~.r~‘lIlr’litS x%:iii: C;11~ric3cl <!lit 
t,, illl,lltify tll(, offt~r1tliil~ ~~xrasiti~~ fim-l<ls. 

Study of the parasitic coupling 

Orbit, coupling 

Tl.ajectory coupling ?‘llr, til\l 5.: t 1 i tvli:\ti>. st11,ly v.as IKM~I 
cl*i tilfs o!m~vlti~m of thix \-<3til.;tl ilijt,l,tlc,li tr:~jcYtor~ irlclr~crd 
1,;; Ilc,riTemtel ki<,l;s at T’;~L.~OIC m;lclriu~~ ;uhlnt.lx.. This twluliqll~, 
i’(‘!.< AYI tllat : 

l illi, mx~lslius ho~w~~~~s n’t rii 1101 Icv;rli::r-il. 

l (~ni~~1111~ ol’cnil r.cYl ill 111~ l.F:l’ ;ir(‘:.. 

l ~~~~~~liit~z ditl n0’ ,vv1r ill till- ytr;li~l~t sv.tiitllr *bl’<q)<‘r. 

I\;, CWIIC~II~~~ d th;tt :I parasit:i~ ~.lwx~ ~ra<liwt ~xihtml im(l was 
tli~tiilil~t~~tl al81iip tllr, iiri’i. Tiliq wai: f-,lrthvr umtir~~~(i 1)~ t,llt> fact 
tli;,t 110 l~,c~;llii,i~(l ,~i\;rw wllli! l,(, i!.olate~l l)y -ht 1 t:rl,it ccmwt ion 
;~lg>~ itIm hlIC’.L\DO. 

Clol;ctl orbit, rouplilhg Th firit 11yl~lt ll<G- v-ai a IW~!~II‘- 
lmtivn of tile dipll~~ fic+l l,y ills* ci?ril: lrlag~l++ir ficdtl. To test i:, 
Ilcnirc~tit;\l ,~IccwtL k3ri!it lju11111s t3lebrlijlg cn7’r a :inqlix c-ornplPtC’ 
al-(‘ wrl’r pro’lllc~~d. ‘l’llr ili<l,1ctvl wrtiC;J orI)it perturhtion is 
1lOi (.lOhi’d and "? t(‘lldh OT’!‘I’ 1 lit, nhdc mi~rlli1lc. E’lgurr 2 dl<W~ 

t!l(* 1‘1I1S wi tiral orl)it \YTRU> t IIP iL1‘C‘ llUllllMT fOY Itieasurements itt 

tw 1 rnt~gic~. \Yr curiclctl~d that, the parasitic skew gmdipnt i:. 
Ilc~itlie2 significnntly relatd to tllc art11 nmgiictic field 1101 is it 
i.(-mtant,. It als0 tkm not scab with l~mn cwrfiy, thus rxclnding 
mual niqndic or iiiigt~lll~Ylt iit~fwt?. 

Fxwtlwr work impro~.wl tmtll tlw inim~ut~hhl rwolutioll arid the 

;idysis C? mii‘ 1ii(‘il~:i1‘(‘11i(‘t11 ‘i. The llorizrmtnl OI tdt Imn~ps ivwi’ 
made shorter. clnsixlg after ody me frill oscillation (tlwre are fiw 

cxcillations pm arc) and it was slmn-IL that th measrlred rms 
pwtrulxiticn~ to l!irh clcw~l orllit tlircvtl>- yicbltltyrl the strength of 
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t 20 GeV/l t 20 w/2 # 45 Gev 

44 45 GeJ’ data ncrmahed h 20 GeV with l/E scaling 
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ARC N’JMBER OF THE HORIZONTBL BWF’ 
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In tlic ~iomiiml optics7 t 11c lincwr wrll)liilg nw~m*~co is c~scitwl 1)~ 
the har~nonics 51;. This result w:ts R clot ilic-c.lltivc, to c.!~;~ngc t,hc 
tu11t: tliff~~rcllcc to F. 

Closest tune approach 

The clowht t,m1c approach IQ2 -I), jrlLlrl iVllrl1 1 ill.>-iIlg tllc, fo~~llnin,q 
gradients is a mrasurr of t,hp strength of the liwar collpling rep- 
onalicr ICI. Oil the &sign optics. it was vrr:; tlifficlilt to l)carforlil 
and gave arounrl 0.2. tlfr,er increasing Q1- by 7 .O. wv(’ obtained the 
rtdts s~~ow~~ on fig~rr~ 4. Thesr rcsld;s are co:lsistent nit11 orl)it 
coli;~lili~ rciults illl(l c~cdhl that tllc coil~~liljg fiplrl is iiiilrlw~~- 
cht of t11c glLicle fidd level. 

0.08 , I j , 1 I ! I , i / , , i ,7-‘~ 

Fipm- 2: Rvlatin~ ~tn~llgth of thv parn>itit gp,liimt in tlb, LEP 
i 

q 
i / ir(‘s. 

thr, ~1.x~~ gridi(~llt : 
0.06 b 

II;,/ .= g 
/ sill 7rQv1 < y,,, :> 

<r/J “‘~,‘v;jl..!ju;i.~i,,. ,i ’ 

usill:, 11wal 8y1111~~~1’:. Tlw FL<CW gmtlicnt lv;lh f~nlnd to l,r 7~ 
2 lo-” T/m (fi;p. :1:. By stllclying tlli% diffm~~~c~~ ;III~I ~l~:~~ I($ 
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Figul-c, 3: \varintiorw of thr parzldt,ic grntlirmt within 3 LEP arcs 

D11c to tl:r, snxdl &ulll)iq ;Il)twlwc,. t Ill, clisl~vcdcm is tlifficult 
to IIlf’itSIlI’<’ in LEP. Still tlic ollly tc-rliiliclli(~ I”~~-~~ltly pcail)lc~ 
is to mrasw i’ thv displacenwnt of tlw I)( iml x!iil~~ (.liiillgillg tlw 
RF ficv~ucwry. It wai iliitiiilly fwrcd tliit’ tlex l)i”.:vqit ic cciiipliiig 
~0ultl 1)10<1!lw it large ndi(,;il tlisl)(~l.i?i8lll. 111~lc~~v 1. i\ l;i~~t’ witical 
tlislxmion (20 to 40 cm) is ~~w;~suwtl ill LEP a’: ct~t:11mtcd to that 
espf~:td (S 1111). Sirlce tllvrr, nxs ii0 1xcniiiclll 10 i’r)lr(‘~‘l it. t,llc~ 
opwntioml opt ic,s \\'iiS c~llown with :I lJll:ric~ ;i(lxxllr~c~ of <%;lctl? 

spores to positive and nrgatiw bumps, it was possil)le tu study 
GO”: irlcleecl th<i tlisl~vrsioil cxnll)ling tllt,ll <-;m.~ls in t lx* w<‘: iuld 

the multipc)li~ rontent: while arc 2 is dcminatd b:; a skew 
just Ifwws thr contrihuti:~w of t,lle tliq)wsirril sulq~r~~wxa. In 

qu:Klrupolc, arc 4 s11mvs an nlrnc,si puw 5lxcw scxtupolr~. Arc 
addition, some small pl;pw ~~r~;itlru~~c~l~~~ wvw zi~l~lcd in tlirl ilrm. 

3 is intcmiitdiat~. 
\Vitli tlv wfilmnrnt of tlii, c)l>Tii,d n~o~lvls. it !vii< fi)Imtl (ill! 

that tlic apparently cmisixtrnt I)ii.tillr of lml asitic- C’Olli1lill~~ liigll 

t 
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INVERSE OF BEAM ENERGY IN 1 / GeV 

lTic,lnv 4: C’los( if i l;li(’ ;i])l~~nm~Ii ilt tIrc t>lit’r,git-: 

Dispersion coupliug 

Harmonic content of the coupling SOIII’CP 
vwtical cikpwsirm :ili(! l:irk.( r 1 ~:c~rtical cniict:!lli,t, nws in f:tct ilin)il 
sistrd. Thr pnrnsitic cmlpling rlocs 1107 ~~?::)l;lilx t II? llinli xrrticnl 

Tllc Imrmollii~ analysis of tlLc data collwtctl ill t,llcs SI~I(IJ- of tlic tliqvrsitrn. whicll iq still l)c,inl: illmdipt vi. TII~- Ilip, ~liqxv 

orbit willllinIL; slio\vs that follrnviIiK ;~zilil~~th;~l spill vx311: :sioli in tllrll (.ilnll(1t rxplain t Ii<, r7llit I ill10 Ii;>- 1111, (,:itrii r;i~li;rti~~rt. 



StlltliC9 Of rhC7 rc~ll(~IX’llt S~l:(~llro-l,rtiitloli I’<‘SO:1~\IIC~h SliOIV R ]IOS- 

sihlc 1 i2q)lanaiion 

Comparison of op1.ks 

.L\ i~;sttqn;tt jr srarrh of tl:cx 1)~5t t III~ .+plir vl’iii <,iirri<d ollt owr it 
f(v shifts. Tl~cb tllnc* c.l~;lrlgc~ WV vitlir>r ol,t.;liuc tl 1~. 7, stl ;righI 
fvr;wrcl c scitntioll of the QF an<1 QD chins il:lmmtclld optirs). 
01 I,y rvmiitchibg thr Ilorl-c’si)~‘l.Illl(,lltill ill’t2 tirmb. tlllls licYyl)iIlg 

tllc* (‘c I1 pli:l:.e i~~l\Y~liw at cx;l~~tl! CO”. Orbi c~oupliI~g;, r.lowst~ 
tllill’ ;~~~l~~o~~~~l~. vcdii.;jl djy~~~~cio~l ;rtiil \w?i~~;~l cwlittiillW w(‘1“’ 
~i~<~ibuu~~l il, tb, following ciis(“~: 

l tllrx Iloiililml cqjtic-s (7Oj7S. i.c.. !), - 70.3;: II!, = 7S.‘X). 

l tllc, 1intniit(.ll~~(l opt,ics (YljiS). 

l tllC liiili;~it(.ll(‘d Oi)t,icS (71/Y? 1% 

. t11<> rll;,trllcYl vpt~ic~s l,71/771. 

l tllc- ~nilu:tt chml ol)t,ic.s (+i1/761 

T11~~ l:illll;ltl.:lF4 rq’:,“” s lo\‘iwl il hnl~l 1 I)c4atloll coul~lirlg (ills to 
tll<sil, ~1~11 l)ll~w it(lvij~icv of s5,K5” c;ilwilL;, a Imrtial c~ar~~~i~llntio~i 
T11i lli;\((.ll<~(i 71/Z’ <q)tic,+ k::lr-*> :I tladii;itl, rcdilc.tiou of 1111, ilis 

l>~~:Gcm (~~~llI~liI1< all<1 IJrl,it c.olll~liup, ( 30 %). Sinic, ill ull Ciiws. 
c-xc’cqlt for :I t’ ‘ill/TS opf,iw, tliss I~t~t;itli~i ci,ilI~!iql: (c’ \volll(l lioi 
(~.\:I~~Yv~ l).():i,~s. tljt, ~~~i~lcli~~l 71/C oyti(.:, w\‘il:, s<~lt~~+cYl for C1p’rzi 

lioll. 

Simulntioils 

Tl,P npti,Y l”“l?;,il,Il hl:iD h’h noi Zill ()\‘I’ sul”~l’ilnl’~~““’ 1 dil)c~l+ 
;llI(l ;licw c~~~~~~l~r~]~ol~~,~. Thcx parasitic gratlic,llt was 4ululitt,~Yl 11:. 

it (]iijl il.~rv c~~~;~rllul~ol~~ I-b&.v\‘cYi: ~,i~i.ll rlirloll~ 1110ck. i.1,. :! l>y hlf 
i-t.11. 0~1~3 viiu slii.~; tlint it is :t rir,tl>- ~~c~~Gv:\l(~nt ti, ii wifcmn 
sl;<>w ,p ;,~li<v~t. Th (2 ~;iln~+ c,f i111, ilw\v ~r;ltli~.iit croui~~~:t~~tl fro111 
ill,, 01 IBit t” bu;)lili$ \VC’T1. Si!C’,‘ifi<‘Cl ;111~1 tlit’ i*lI,s:r%: tlll!c q’I”.o”‘~ll 
,,:<lj~mril~l~~ilt, sii;l,,];llf~rl [fig. 5). It‘c,111~ t;Il;I’s illto ;ICcOlUit tll~‘O~l~~‘r 
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Figure ;j: Silnnlation of tllc clrwvt t,uncs qqxoach. 

illil”‘ft~ctic,il~, th predicti0lii for tllc 71/Y qt,ics fit v<‘ry well 
the tnt~as~li<~<i tlntit. Thr mr)del prdick Z: snla.ll paruitic vertical 
tlisl,ersicbn of only 3 cm rms and im c-mittance ratio of orily 1.3 ‘X8 

:~t J5 CC,‘\‘. For tllp 70/X ol)tics, it predicts n striking strength 

<If the cor~pling rrsonance of 0.6. 

Magnetic measurements 

‘rllyC~e p~~+jlj!i~ si0nm’i: of h0ri~i)nt.d pamsit ic fic>ltl 11;kv~~ hen ill- 

'bTSti~iLt<Yl: 

l Th cwtl1 Inalpc~tk tiCYl<l 111&=- A resitlical lm-i~orlt:~l fivlcl 
r_raltlicwt of 15.1[)-” T/l11 in tll(h c'c~tlt~-r of th+a pyl,, i~~sdicicwt 

to mplairi the coupling. 

+ Tip :iymmcdry of ilw ~lip,lc rxc.it;iticvl h-. with rrsl)rct, ‘f.? 
tlli. metlinll phe> 111~wsllrc~d st;ttisticdl:~, is small( I(% than 
.~O.l[)-” T/m) ilull ~~r~,port,ic,id to illi, fwq:;. in contradiction 
\vitll tllc olwrvations. 

. 011 reception at, CXRN. tllr, 7 Irlicron thick nickel hycr used to 
clad i 11~ lead shield 011 tlic nlundniuri~ wld‘llum charrlber was 
SV~.‘II to hw it rem;mcwt rnagncti~aticill in the s-direct~ion. 
hlcasli;cd with ii il”cial p~~~~~~lr;~i~ld.cI. tlii?: lw):t~r exhibits ii 
j,atllcr z-q,t;~~e liystrr&s rycle iihsohilt< (1 v:itll n I+11 cocrcivc, 
forrca (4500 A,‘nl) Thus. iI, a dil)olt., thh inilgnPtiZatiOl1 of 
ilic lt(>I.i:<olltill llii~lir~l IityW:, ~~illlll0t lies cl~itwpl 1,;; th dipcdr 
fit,ltl whjlr aI1 rl:c others (IIO~ horiacrnt;\l) are inflwnccd. The 
St X’11~tll <>f thy rcIlla:r~~llt ilit~n gr:itlic~ut is f~nuicl i*cm1parak~lr 
to I lie figl11’r frc,Ili tlic I><‘zI~[: I~I(‘~~~I~I(‘~~I(‘III (?OO.lO-” T/111). 
wit11 it l;ligC’ Sl”.(‘ZL(l. 

A 50 Hz. W.10 A/m axial firl~l tl~~~~rlagnc~t,iz;~tioli uf thr chamber 
1~1s slliwn a wth~d id.)n of tllc 1 ~“lrilsitic skq,Xv grntlient hy ii filct01 
2 to 3 (figlllc~ 6). 
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Figpr<= 6: Typical firlcl mall ~rl~as~~r~ti insidr ths dipdc vxuuu 

&an-hr. 

Conclusion 

Tilt, lmmsitic colll)ling in LEP has ~XTII sufficiently understood 
to eliminate its ~onsrqurr~~~~ for normal operation. However, it 
is srqccted to have detrimental effects on the dynamic apertllre 
an<1 tllv IHYU~~ polarization. An important experimental prograIl 
is on tllcx way to bet,trr understand the source and its cons(‘- 
q~wnccs~ and to find ways to eliminate or compensate it. 


