
A Short Matched Spin Rotator for LEP 

H. Grate. E. Iieil ad E. Sderstrhl 
CERN 

CH-1211 Geneva. 23 

Abstract A Richter-Schwitters spin rotator for LEP is dr- 
scril)ed which is sotnr 100 tn d~orter than an caartier \rer>icm. Thr 
spill rotator rail lw irlstalld in (he draight sclct,io:ts surrcruttil 

ing the LEP experimrnts. Since it, includes qundrupoles, spin- 
ttlnt.ching i? 1101 automatic. All optical conditions and thr most 
important sI)in-lna.t,chiItg conditions can be formulated SIIC+ that 
stntttlarti hrstn-optical matching progr:~*tts citn be used to find 

~!IV soltttion. The solutiott ahtainerl is ~~res~ttt<~l. Tltch l~l~;t~io~~: 
of tltc poldzation in LEP is discltssc~l. 

1 Introduction 

Riclttpr-Srhwit(c,rs spin rotators [I] arc attrartivcs for LEP 1~ 

citusc thcay car. he installed in tttra long straight sections sltl’- 
rounding the interaction points (IP). At the 2” energy IIf 45.6 
Gr,V. the bending angle needed to turn thr spin frotn thr VPT- 
tic-al to the tlirectiott along the orhit is 15.1768 tttrntl. To Icavr 
thr LEP gc,otnetry undisturbrd olttsitk the long stt,aight srction, 
small vcdical ddlectiotts nrr nrdrV1 iIt thp far cartds Sitt,.is tl:t, 
LEP lilt tire c-ont,ains q~ttdrupdes ittsitlc thr slain r~ltator whf,tt’ 
tltcx spin is ttot orirrttd vertically, the quadrltpolt~ strengths ntttst 
satisfy rxt,ra constraittts, t,he slain- ntatchittg rotitlitii>ns. Tit<, first 
sI)in rotator dr:;ignctl tmd spill-matrhrd l,y Blontlcl attd Ii~il [2] 
occ-tapirs a total kttgth of allottt 442 m. HWW. tttost elf thP rrlttil) 
tttrnt, in thr long straight sertions, and in pariicular th? prC3ett’ 
ant1 ftttttrcb RF cavities wcntld hn7.c to IX, installrd alcove anti bet- 

low thr m&an plane, This paler d~~scri!,c~s a shortet spin rotator 
of sottt~~ 325 III total length which provides rrderlttirrr spact f(-~r ~!IC 
instdl;ttion of RF syst,rms in thcb tndian ~,lallr, 

2 Layout of the Spin Rotator 

Thr schrmittic layout of hdf of the Richter-Scltwittr~r~ qpi1t rots 
tar is sltown in Figure 1. The othc~r half is autisynttnctric with 
respect, to the interaction point IP at A = 0. Tlte string of hmcl- 

irtg ntagnds Bl hrhtwcxen the quadr~~polrs QSlh! and QS4?d I~~~ttls 
tlte bmm vertidly by 20.4825 nud, and the bending mxgttet 
st.ring B2 Idrvc,rn t,hr q~drttpolcs QS’ihl alid QS8hl hmtls th<l 
brattt hy ,1)=-5.3057 tnrd. Co~r~p.red to the earlier version [2], 
tltcb I)awcling tnagnrt, string B2 is two half-cells ctosrr to thr IT’, 
and hw c-xtra c~ttdrupolcs have h-ii atldrd. 

The ntasintuttt vertical Ilisplnccntrrtt of tltc- tlesigrt orbit, wit,11 
thr spin rotator frottt the median plane in the’ StfGldilrc! 1,EP mm 

tigurzjtiott occurs in the Bl dipok*s It ;tlllc~ullts t,o &5X Llllli Rlld 

is rausrd hy the distance of these tlipolrs from the IP, although 
thry are insrrtcrl into the LEF lattice, nt the rwarrst plm-cb to tlw 
IP whrre a strrtight section of acleq~tdc~ tengtlt is available. .4 
large1 distance from the IP would make it c%ILsier to shit,ld t,tic- 

experiments front the synchrotron racliat,ion cmittetl in the Bl 
tlil)olrs. Thr properties of the dipolrs in t!tcl spit, rotnt,or ar‘r 
s~lnunariz~rl in TabI? 1. 
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Figurcx 1: Layo~!i of tllc Rir-htrr-Scltwittt:rs Spin Rotator 
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3 Optical alIt Spin Matching 

Sin<-c t,ltl% spin tot iIt I!‘l)lai ‘(3 il s~~<.tiiln Of tIlla S! :\tl<lill<l I,l?I’ 

Iattire. it, hits to IMY tnatcltr~cl ,qjtic-;lll> T11cx optical trtalching 
conditions are given IXlow. In iitltii~ion, the sl)iit rotdor has to 
satisfy spiti-trtatc.hing rontlition3 wlti,h will 1~~ forntulat,d hrlow 
such that thcty can htx solvrcl Ijy standard l,cnttt-optics programs. 

Optical rnatchiug conditions 

‘The* “;lji:i rotator i> iliwrlt~l itijo tltl, st,r;iij:lrt ~>ar’ of tit!. LEP 
Int tic? c~cupid 1)~ the Ion,- ;I anti RF itt.c,r:iotts, and nntst t>ct 

tii:it~~I:~~(! to thr, tt+ghl~ortI-ing tlisp~~xsion su[~l>:‘,‘s\iU ~Itctt tltat t!lP 
VdilC? of 0,) 0 y (3, , RIld ijy itt, 110t.11 WldS rPtllilil1 !~tlCtlitllged WhPIl 

bfw spit1 iotiitrx ih instdl~~tl. Thi? yields foist <~I)ti~itl rc,itditioni. 
Tltca tt<‘w l)tdittg tnngnets bc~lci thr hc;ittt only in tlte vertical 
I)liltic~. ‘I’lic*refort~, t.ltr vc,rlic-al dispcrsintt 11, ;\r~ll its tltYiv;tt iv<’ !>I 
do not ..3rtish ilIly longer. BrcaltW of !tW imtis~ttllllPtry of t.hP 
!ipiIi rtrtatol~, n, v:lui<ltcs at tltc II’. Ijrtt ‘)I iii*9 tilot. Witli0rir 
tnittdtittg. thra vPrtic:tl disprrsion will prop:tgate throltgh all tltcx 
ilrcs. Tltis is ~tndcsit-alilr ~VY:~CW of t hc’ iti~.r(~zl~f~ in thtl vctrtir-al 
l~cwtl size due to vrrticnt quatttllttt W,:itilt Ion, antI l)Pi.illlSC Of 
th c-oupliiig fclr otf.11~orllrnt,\~:1! part,it.lf.a. Lockittg front tht- iir(‘ 
towards tlicx IP, on? cnn start, witlk D, := Uk, 1 0 nt, the pncl of 
the. st,rttigltt, sciction, zlttd intpos ‘1 t,i1r rolitlitillll n, - 0 at ih*= TP. 

Hence thwr are fi7T opt.ical n~iltching ronclii,ions. 
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Spin-matching conditions 

TIP spiI1 llli\.(.lliIlg colldit,iorls which am ~.nl~sml I):,, tllc, quar!~‘ul)o- 
115 t,c~twtml tllra clil)olr strkigs of tllc I.EP spirl rc,‘;rt.ol iui~l wllii-11 
lmvt, 1.0 1~ sr~tisfied by a Richtc,r-Scll\\,ittc.rs spin rotator in LEP 
\vt’rt’ qivi71 II:: Bwn [3] iuld Dlontl~l $1. Thcyy i\r,s: 

Matching Procedure 

Tll<* Isarliczr spin rotattrr f<lr LF,P [Z] was nl;rtc.lit~cl with TRtZSS- 
PORT [:,I. Hiitwing tlit, (~~~llhtl;lill’i <III :I‘<’ i,l’tic.itl flrrIi-tic,IIi 0 
SILC~ /f, ax~ti on tht- disl,~~l~~iou D, is str;rightf[)rlr.:lrd IF]. Thea ,YII~ 
tiitims tliat tlic, vcrtic.:il 1~11;~ a~lv;u~~s arc nlllltil>lt+ of K I~cori~~~ 
conditions that the R.i,i ~‘l~‘llmltS vanish for :L matrix whi~~h is ini- 
tiali,ml at tlla, i‘l‘II+rc of Iii<, B’z (fil)(81(* stIil)g. Eil, :! ii Sittiificvl 

by p~~rforming aritlmc~tic in arltl puttine; clmstr;tirlts on TRANS- 
PC)RT rcgistrrs [(;I, 

Ti~cs optical a1It1 spin Imtchiqg of the pr/~s~mt rotntcrr was d011!- 
J.r.it h t hcs M.AD pmgriim. llsiug tli(s *it’\~’ filciliti+ for IrlarcliiIig Iiiil- 

trix c+mmts and expmssions. The hlA4D c cilnlllaIlds MY StKnvIl 

in [7] 

. -rllC~ Wrli~al ph;VW ililWIlC~ ,lt9 froIL: :1ici 11’ to tl1ra TC’lilrl’ 01 
tilrz Bl tfipo!c, string should Ijt, ii Iullltil)li, c)f 7. 

l Tllra vcartic-al 1~11~~ adva~lcc~ I,? I)cst vmql th(, ctntrcs of tllc I31 
ant1 B2 tliI)olc strings shoultl IW ii r:lllltipl(~ i,f 3~. 

l Sl)irl nlatching of t,he horizorlt al I)ct atrou oscillations implic~s 
t tics following cmidition 141: 

1:’ Ii&cm pZri.s = sin,t l: IiVKrros ,I,tls (1) 
Tabi~ ?: Q~~adr~~p~le Strfqqtlls for Spiel Rotato 

r 
Htsrca sin ( = 0.5‘21953 is the projm‘tioll of the spin wwor m~t.o tllc, 
orbit IdwtnI I31 and BB. ’ mtl Ii is thr q1mdrlkpolc strc*ngt,h As 
rlotc(l in [4], thr iIlt,pgrnls in E(llmtiorl 1 arc 1)~qmrtio~lal trl t111, 
rhangc~ uf the slopes of ii particlr st:trtiiig at thtx II’ with .Y $ 0 
and S’ = 0. The, two ronrlit,ions OIL thr, vrbrt ical pha~ aclr;tnc.ts 
are familiar to standard lmm~-optics progra~us. Tht> horizc)Iltnl 
sl)iil-rr!atcllili,~ coIIdition cizz 1)~ r’qjrlissm 1 iu it rc*lation hrt,irr,rql 
tllcb R2, ~~lm~<~uts of thus G*6 TR.4NSPORT [jJ nlatricrs R front 
the IP to the centrrs of the dipIt* strirqs Bl and I32 which are 
rollt iric,lv cArrdat<~tl by star.dard ‘i<~;~In.r~l>tiYs prograni5: 
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Figure 2: Orbit Functions in thtb Spin Rotator 
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4 Spin Matched Solution 

The optical propertics of our sollltion are dcscribcd first, followed 
by a discussion of the rrsults of ii spin simulation. 

Optical properties of the solution 

The, solution satisfim all optical ad spin-matching conditions. 
Thcl q~ladrllpolr strrngtlls after s~)iII-rrlat,cllil~g are show11 iu Tii- 
ble 3. Each spin rotator iIlcreast:s thr tunes 1)~ AQr = 0.6586 and 
A&&, = 1.1316. since the Irl;ttchiIlg dots nc~t imlmse a constraint 
on the phase ittiK%IlCP in a superpcriod wit,11 ii spin rotator. Sucll 
constraints can he satisfied later by varying qriatlrupoles iri thr 
neiglibouring dispersiori suppressor. 

‘Tile orbit functions through half the spin rotators are sl~0w11 ill 

Figure 2. Despite th? rxtra conditions due to the spin-matcl~ing, 
the orbit functions do not differ much front those in the starl- 
dard LEP configuration [S], apart from tllcx vertical dispersion. 
Tlw vertical disp(mion is mm11 ilt the vertical rlip’ules of the spill 
rota! or t)c.cause of t,hr first two spin-matching crmditions. Tht~-c~- 
fore the increase tif the vertical emittmcr tiuc, tc-1 the emissiorl of 
synchrotrou ratlintion iI1 tllesr> tlipol(~s is also mmll. The ratio 
of the vertical and horizontal cmittanrcs was crmiplitetl with the 
MAD program [i] for the caacs c)f spin rotatol s near two cxperi- 
mental pits. It, was foluicl to tj(s 3 x lo-“. al7orIt a factor of two 
srnnllcr than that, rxpectt~rl from the rnisaligrm~cnts in LEP [S], 

Tl~us, c+ght rondit~ions rnrmt, 1~ c-atisfrcl in totnl. One coxlditicm and more t,him an ortllsr of ulzl~quituflc~ sniallrr than that IXYY~~Y~ 
is 0Ii Inatris c~lrmmt~. the otllrr cori~litiorls ilrfx 011 orljit fiknc-tionr;, fclr opti1rllml Illrninosity. \l.itll Eelllr iljiii r~Ai\torh, thr, <‘ILiit!iLIlc’t3 

r.g. Cl. 13, p- RIICI n. The, varial)lCs availal)l{~ tn satisfy tllcbsc. ratio sllollld 11<, twic,+d tllnt value 
matrhing roritlitions arc the gradirnts of the (Ggtit iridr[~~~~~~lpIltl~ 
I)owfyr(,d c~~~a~lrul~ol~~s QSCM to QSGAhl 1 5 WWII in Fig. 1. IIwv~~. 

Dt:ring injcctioI1 and1 1~r81gy I:\mpiIl,q, tlic, valr~s elf 13,. iln(l ,i, 

t 1~r~ nrf’ t~llollgl1 variiil,lc5 to satizfv all colldil ions. 
at. tllra t’vt*n IP’> ill’+’ ;i1~01ll it factor of t!lrct !lik+r than i11 tiica 
c~llii~icnl config~~~:~tion. TIM-, ilr~’ rctluc-rtl to tlic,ir iion~inill sc’t 
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Figure 3: Polarizrttion tlegwe irl LEP with four spin rotators. 
Tht> t units are: Qr = 74.21, Q, = s2.35, Q5 = o.osc. hlachint 
rquipld with polarization wiggl<~rs sllc.11 that 7-F = 36 minlltps. 

tings once the collision energy is reachc~l. WC! have checked that 
there i? a continuous trming path l)c~t\vc~~i thcyst, co~ifig~~ratitrni. 

Spin simulation results 

The program SMILE was used to calcl~late the depolarizing effect 
of thr spin rot,at,ors in LEP. Since% ShlILE works with thin lenses, 
the, matching wa.s redone ill TRANSPORT [5], each quadru~~)l<, 
l,t,ing r<,placcd l>:i t+gt:t 1 mni l<‘nWs. A siirvcy file with the IIC’~ 
gradients was created with h?AD and tht%Il translated into SSIILE 
fOIXlilt 

ShlILE is bawd on ?viane’s 1’31 -t cx en<lon of t,he Chao algcjrithn! I_’ 
[lo] that WI-vcs as ttlr. basis for SLIYI. Both 1:~ a I)ertllrb;tti~c~ 
approach to calculate numerically thus equilibrium polarizaticil: 
givt~l 1)~ tll(b f<>rInula of Derl~n~~\ ;mI Ii<JIldl.atPIlk~~ [ 111, i;lld~l 
the assumption that the spin-orbit coupling is linear. HowrvtDr. 
wh(‘r(xiLs SLIhl kq)s only terms of first tl~~gree in the perturbatio[~ 
d of thr vrctor !C1 in thcl spin equation of moflon tl.q/tlt = 12 X .q, 
SXIILE cali t&c’ highc~r drgrt~~~s of u’ iI!*‘; iwcotm1. in priiii~ii)lr iii’ 
to arbitrarily high degrees. 

Tile convergcm~ of t,hr l)rrturl,ati\-(3 t*valuation is go\~ru<~~l 1.~1 
tllr ti*rrli 0 = (U)Ue/&)*. whc~rr~ (1 - (9 -- 2)/y and g is t,llfs 
gyromagll6~tir. ritti0 of thta partic-it,, -1 is thr Lorentz faci,or, 0, 
tl*ca r’ncqy sj~~mil, ar~(l Q th tliiteb. III t,lie case nf I,EP. n 2 
1Om6 for Qz arid C), . which !ea~ls to a rapid ,‘c,nvergt-nir’ of tllc- 
tl(,l)oIilrizatiosl tcvns cal~std 1)~ h~tatrrm xotiou. How~c~. o > I 
for t!lcl sy-richri>tron rriot ion. uivi3mri,g that ttilase contril~llticir~s 
crmr-rrgt* wry slowly. if at all. The% UC+ rrs~~lt of this is t,hat 
when going to higher and higher drgrt,cs in the synclirotron tcWns, 
tlil, polnrilaticili bc~cornc5 smiGr arid snlaller. to l,ht~ i)oint of 
practically vanishing. This, how(,vcr. dws not ag*tv’ with ottirsr 

ralcl:l;rtir>ns, or with spin tracking cnlculatiolls lusillg t 11~ proqr~~~ 

SITF [12]. 
It was tllc~reforr decidetl to consider only thth contributions to 

first c)l-tit-r ill t tics sidct~nntis, up to wtiic.11 SLIM and ShIILE agrW. 
Thcs rc,sillt of this calculation is given in F&Ire 3 for r~wrgic~s 

arouncl 45 Gr\‘. The, graI)h shows thai IIO intqer WSO~~I~WS ;\I<’ 

pxcitiad 1)~ rlics spill rotator. and t11ai ill<, oVc~r;tll d~,p’,lnrizi-ltioII 
i+Yf>r-Is arc* snl:dl. In particular, OLII~ ilr)t~‘s lh;it ttlc cffWt of till> 

1499 

I), sic!c~h:uids rt~lniiiilb limitt*d. alillough tllia spiri-matching was 
ordy (IoIL~~ in the horizontal pla~w. The, (2. sid<-balltis ar(’ (‘XVI, 
I<YS pi-o~iour:crd at this order of thca calculation. 

Thr Int tics, inclllil(‘s thr pol;crization wigglers suggc~stt~ti 1)) 
Bl!!rltlt~l a1111 .Jouztt {13J, lxt Iwithr st,lta:lc)i(lh Imr tiltf,ti qtla- 
r!lWpol~~s. 

5 Outlook 

For tht, clr$qn of tht, spin rotator dcscribrd hrrr it wa5 assrlmcd 
that ii would 1~~ iiihtallf~ti wit,hili about two yrars from now in t,licb 
prest,nt LEP configuration. which should therefore be modified 
as little as possiblr. It, appears now that spin rot,at,ors will have 
to he inst,allrd much lat,far if at all --. in a LEP configuration 
with a large rlrmll~rr of s~~l~~~rc~~~l(l~~c~iI~g RF cavities and possibly 
horizontal electrostatic separators for operation with more than 
four bunches in each 1mm1 [l-1]. A nrw layollt, is being studied 
which is even shorter and providrs space for onr or two cryostats 
with four RF ravitirs mch betwern thr magnets just outside thta 
spin rotator. A total of 224 RF cavities can t,hll!: 1~ installed in 
thr median plane of LET) 

.4 spin rotator for a straight srrtion sill-!-oiuiding an odd Ilit, 
in LEP has also bc~n drsigllctt ;md spin-matchrci. Sincr it does 
neither involvr t,iltiug thr detectors of the LEP c~xperimrnts. nor 
inst,alling the existing or fi:turc RF systems above or below the 
Il~(&.n plane, it Inight, ~)<*rhq)s t)cb iristallr~ct ~001wr in order to 
tlrmonstratc the feasibility of spin rotation in LEP. 
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