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A REVIEW OF POLARIZED ELECTRON AND POSITRON BEAMS 

D.P. Barber 
Deutsrhcs ElcktrotlrI1.SyllclrrotroIl (DEW), Notkestr. 85, 

2000 Ha1111mrg 52, Federal Republic of Germany 

A brief revirw of the status of the machine I~hpsics of 
:,olarizcd rlectro11 and positron beam5 is prc5entrtl. 

Irltro~~~op 

TllmT ‘71-t’ two ways 0 f obt ailnng high eiicrgy polarized 
elrct ran beams: Eithrr electrons are created ready polarized 

at it ..ourc(’ a11d the11 iicr&r;itcYI (Case .4) or. 111e polar- 
iiiition is produced Ilailmally owirig ttr ihr cwisiion of SyIi- 

cllrt~trtm radmtion \vhilc thr elrc.lr~,ns circlllatc in a storage 
ri11~ (C’;l>e B ). ‘The, Ilhysics of CR>P .4 is wrll understood and 

thr tcchuiqur i5 almost St an&ml. Cast B is subst antiall! 
l~riclr7cti1i~tl at 111~ tlirorctical 1~vrl l)llt the practicrb has ii 
IC,II~ way to g,.) Iwfiirr nalurall~ polarizrd brams cm br coil- 
+i~li~rt~l :(I l,r an v~eryclay affair it: modi.~~n Yrry llipll rIi?rgJ 
stol-itCp rings. 

An article of tlii. lrngth callnnt do justice to thr v~‘h(Jl< 
field. Hwcr aft<-r a llrief rrvic ‘K of type’ A fircilitirq 1 will 
concm1 rat,, 011 111r prol,lr~rlls of type B facilities. 

Gv1.eriJitic.8 

c’(,~it I( of i~ia~c ipin 1noti011 i11 vlrxctr:r and magnetic fic~ltls 
is ~:r>v<~im~81 1)~ tile Thc~~~mi BRIT I)rCcrshion aqua 1 im: 

(1.i’ 

(18 
- ! ! x s‘ 

I ,+ 
v;litqt~ IL(B.E) is ii fr:ui,ti,,il of th+- fic=ltii and B is the az- 

illlntl:al c,,~~r,linatc’. 
AU cssrntial COIIC~IIVII~~ of thcz >t ruclI1r? of ri ih thai for 

nlotirlxl triiuswrs< to the lllapuvtic fic~lrl. ilip spin ~“‘ecessc-: 
at ii iat? wllicll ir- (I-) fastc*r tliitll tllr> rat<, of lotatioll 0f the 
#n-bit tiiwcti~lu. Herr. ~1 (4 2 I,‘? xhwr !I is thr rl~~ctrori 
J, f;lctor. Tllu~ 

(>fi,:,,,, o-rb8,,~n,, (21 

ill au ollviolii Il[lt;:t!cm. 
In R fiat ping ox ihr rloh<~d orltit. the spin prerms?i 1’ :- (13 

titiles pm t mu and is callc~l tllc spin t unr?. Away from jut?- 
cur w!u~ of II a stable lmique periodic solution of Eq. (1) 011 
tlhv closed c,rl)it tssi5ts aliri ii drnotrd ai tit,. In a flat rin? 710 

ii vrrtical. F,)r I’articlrs on quasi harn~mic 1~etatIon t rajrc- 
torip? xc can ccmitruct a~~;ilogr~nsl~ qua.5i periodic solutions 
clcnc,trtl as it, Under FcauricTr analrsih rhc<c s(>lnt ions cont,ain 
only lx-tatrc,n harmonics and himnonil-.5 wflrcting the ring 
laywlt”. These soluii<.lns, which n‘r give unit modulus. are 
nerded in the theory of electron self IwlnIization (see belo+l. 
They 11~c~~rw ~~utic+inrd if the reh0ua11c6‘ condition 

1, r k i m,.Q, + ,rQ; - m,Q3 (3) 

(where k, m,:m,. m, are integers, and the QCIL,. are or- 
bita! tunes) is satisfied. If a bunch of electrons with verti- 
cal spins is injected with finit,e oscillation amplit,ude int,o a 
closed imperfect bui ot,herwise flat ring. the vertical spins 
see not only the vertical guide field but also error fields and 
quadrul>olr fields. Hence the spins process awag from the 
vertical. This precession is particularly strong if the spin 
and orhit frequencies arc so matched that th? wsonauce cm,- 
dition of Eq. (3) is satisfied. Strong drpolarization or spin 
flip can then occur4. 

Three couuncnts arc sufSicirnt for a basic nndrritanding 
of the hrhavionr vf Cast .4 systems. 

AccelcratioIl of polarized electrolls ~~~- 

111 tl1r last decilrlc il,P i~cc~lrr~ltioll (4 f polari7cd prolcnii. 
cl~utc~r~m5 allrl vlcctronh ha:, i)mxmw wlumst routine and s’l 
era1 vxihtillg acrelrrator facilities for Ilicdiu:n auci high eL:- 
C.’ I‘ e 7 I>hysics can provide polarixd particles’. 

High curxiant twams of polarized electroils are llsually 
I)ro<luccd 1)~ shillirig circularly l)olarizcd light onto a galliuu1 
arscwide cat hotle. No such simple Imlarized positron sources 
exist. The maximum polarization attainable by this method 
is 50% but in practice it is t,ypically 40%. W’ork is underwa\ 
t,J achicaw more6. The electrons can be then linearly arrel- 
c~ratrtf auci according to tllr Thomas-BMT equation there is 
uci 1~1s~ of polarization in the electric accrlrrating field. 

If the lwam is then injrcted into a ring for further arc& 

6’1 ation or for ~)hase space damping the spins, if riot already 
vertical. must be turned into the vertical direction: Hori- 
mnt a1 spins in vertical dipole fields and in the presence of 
rnrrgy spread, quickly fan out and thr polarizatiou is lost. 
EYCII thrn t.here is another hurdle to be overcome, namely 
that drpolarizati<,u can also occur as the cuergy is increased 
and the electrons cross th~crugh spin rewnanc~s (Eq. (3))4. 

A Iior1-r~~haustive list of exmnple$ of such systems im 
eludes the stretchers at NIKEF-K (0.9 GeV). MIT-Bales (I 
GcV). and ELSA in Bonn (3.5 Gel’); the recirculators at 
hlainz (0.54 Ge\‘) and CEBAF (4 GeV!: and the damping 
ring in the SLC (1.21 G?V)‘.‘. 

111 llln~t of these casts the peak energy is so low that few 
if a11y rts~na*lcrs lie? d to be crossed. This is not the case 
at the acwlerator streicl1r.r ELSA. where the peak energy 
is 3.5 Gc1’“. D~yolarization can be controlled at ELSA bJ 
careful alignmrnt of the closed orbit, by ‘resonance jump- 
ing’, an d by careful tuning of thr rcrtical optics so that the 
coupling of thr spin to the rcrtical twtatron motion is niin- 
ix&-d. The latter is called slain matching (see below). M’ith 
such methods, over 90% of the initial polarization ran br 
preserwd? 

Such polarization preserl-ing techniques will probably uot 
be nreded at CEBAF since there, the beam will make at 
most four turns. 
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At thr SLC thr polarized electron5 suffer wme initial 
linrar accrlmation and then have their spins rotated into the 
vertical dirrction brfore entering the dmnpiq ring”. Tht 
spin r,ltatic~ti ih hchic~wd usi,lg r;u~~~~rri)Ild~~ctillg mlmoidi. 
After dampilq, the spins are rotatrd by two *now solenoids 

which ;~llow nrhit,rar)- spin mirntation ix1 the linac. This iI1 
turn allow: lnngitudiual polzrizatioll to 1~ ol,iained at tl,e 
IP al all final rarrgies after tllc sl)inb hn~r i11ccf3ied in the 
rlect ran iLT(‘. c rniluli~simiillg i> now; lwpi~,ninI;. 

T11r root5 of thr SLC nmccyt cm l)r foun(l in \‘LEI’I’. 
ill? crigiual aud long stnmliug 2 1 500 Gt.V li~ic~;ir collidc7 
project with polarized hrams fro111 Nmcail~ir~k”. This m+ 
chini will n<w l,ts installed rlc-xt to IYNli at PIotrino”. 

.4lthougl~ polarizrd pmitr,ms c‘;ilm<)t lrc ~~n~lucr~l t,y il- 
lnnliniiting 2% mtllodr with <iI ciilarly pc~lari7rd light. the! 
can 1JC pduc?d by c+ e pair pmrluctlon whm higl~ f-11. 
c’rqy circularly plarizctl pl~otilris hit a tal-get. This Gil br 
t hc uli’imi 6x pmdnring the p~A;lrizcd posit ~‘0115 and f-lrc- 
trc~lls in \‘LEPP. Tlltay Will tllv11 13r coolt’ci in damping ring- 
using tllf, ianlrs k‘ 1 f L 111~ n <Iun ill~llli])uliliioncil~~ti(lns a:, in tlie SLC. 
The, 1~11ot~ms (of t,vpicall~ ?(I Mrl’) arc pr,odIIct-d \v11cn I‘,‘- 

lli<,ll VI’, ;; I.il!li “rlergg c-lwtrrxs ( 100 CA-Y) t:-aYcmi’ a sllibrt 
M.awlmfit 11 lwl~ciil I:lldlll;ltoI. 

St) Iuucli for h;,~~tf’m: whrw t!lv l)ol;lrizati~,rl is producfyl 
in a iiit:rct .I1111 clert rons 5pw~d ortly a lii~,itvd tiulr in th< 
tlv~lcY-: thr,.c t ‘Y.l”li’p’? “,‘1”‘“’ to ll;lve IIl;~tll~r~d. 

SrlE I)ol;iriz;lticm in higIl c’nc’rgy itoI2g~~ ri1q.p 

It la :I 11nl~ll ~no~c dlflicult llntl~~rtakillg IO cxpioit a11(1 
ri,l.tl(Jl n;~tur;;! ~ml;i~i7ntioii at lligh c2iw gy. 

T11af vlt,.t tolls irl 5 C,I~ t ” Kc rinfi5 r~~nld licconli. srli polar- 
IAt-d xai first I.r)trd lly LilbkutoT. I\l,ri~villz. Sokolov and 
TI.I.IIO\. iv110 l~m~t<~,l CIIII that tllr, <mlihiiclll r>f ~prhrotron 
i;ldiiitir~il ill il Gmplt iturag,:” ring can rbl1ic ?li~ctron spins 
to At], fll,ll. “1’ ti I ) ( ii,V,, all<1 Yii-<- \‘r’l’iil a1it1 that tlll~r~ is a 
djflr7rmrr iri tltr rirtrs’? OiJ:; a Yc-ry iuiiill fiactiorl of the 
5y~i~~liv~t1.r~~ rilili;\ti(,li pirwi~i ciinws slain flip l)nt ncvertlic- 
l-55 thii ii>y:~n~~r~Iry iii 1111~ rate xl~i)~rltl lr,ntl 10 2 l)uild up (pi 
polarizatirm along the vertical guide field. Thr rqrGlillrium 
poluizii’~on slionld lw F,,, J,, 97.4’im ;i:id tllr linw cm 
stant for t11c c.x]“““‘“tial \mild up PIIcnIId trc 

-1 5\'3 +)"hc2 
T;, 7 ~~ 

8 /12r,!2,~2 
i4) 

wllerp (7 ia the 0rlIit rildiw and tlir other syvmlx,ls have their 
usual iueaniigi’. 

Typ~rally. TV, is ii1 the ra~lge of miuritw to 11011rs: Thr 
I~(ilaCi;irir)l~ [~r~~whi i\ \.e ry rvmk! 

SillUI al pdarliiil1<>:, wii first rlc~tPctYt1 at AC-O ;mtl Nwcr- 

sil)irqk’“. It ha3 hlso 1 ~ftzn sve~i at CESR, DORIS, PETRA, 
SPE.4R. J-E,PP?I\I, YEPP4’4~‘“~‘T’. Thrre large high rnerg~ 
prcljccts invi~lCng ~lt~ctron storage aw ucder developmenr , 
nan~rly, HERA. LEP and TRISTAN, and it is planned to 
haw polari7atinn at ~EPPIM”~“~‘x~‘“. .4s we shall see. it 
bfxmnvs xmw difficult tro achime polarir.ntion as the c~nmg) 
is increased. 

Thr users of all four machine vi& to ILRVC longitudinal 

elcctr.oii polarization at the interacti points. Since (se? 
brlow) thr polarization Ycctcir tlinst lx vertical in tile arcs in 
order to ‘drive’ t!lca polali;.ation procrss, it is tlicxn nrcessq 
10 rrbt atr tht, p:)liil iiiitioil fn~lii v~~rtiriil to li~ugitutlit~i~l just 

l)rfol(~ tllr intwac-tiou i)oillth ;tllrl Ilack to wrtical afterTrards. 
The, Tl~iu;>a> B?JT ivi:latirm tall:, 11~ hrnr tci do tl1i.i: F0l 
HERA. LEP surf ‘TRISTAN. tr-: i-. O[ lQ”l alld 18:; Eq (2). a 
iiltall cllallgv ii! !11r urllit <lir<v.timl ril*i cal~v’ ii lilrgr tilt 8,f 
tlic y)i:l, 

.Ai HERA, thts ‘Sl:lli-Rot a:<rr ~l,s>ip.~~ 0: l3uc111 a~~1 St&i’~Il 
has IIWl atlq’tcYl’~‘, ‘I-III j cilIlsi:<t> of it ,tri,q! <Ii' i,llcTl4~a~~il 

.icuticiil nlld hori7ontiil I~la~lini: Ill:igii~~l+ fair lvllir-Ii the 110w 
~.~~lt~t~~utirlic~ti of large r1)1 alions al~cvlt 1ui1111iill~ iirtllogrmal 
axes is uwd to tilt tllc slsitl ilit 111~ l:cbii7011.a1 11lan’. in as 
short a distalirc as pra(,fical u+Ih ai >Iliwll it vrrtir;ll (‘I 
Cul.Si<blt il.5 pnssililv Tlir horiio:ltal twilds n~lllwc+~ the l)entl 
at1~$1- of 011~ arc vr,l! 3x11 111~ ivhol*~ n~li~lo~~ i\ illii-rtwl ir.to 
the c-nd of the arc wit11 niil~innli!l ~ii~t~t~l~itnrf~ to tllt~ ~51 
(if’ the n~;tcllillr. The ti,tal vmtiral I)mld uf ihih rotator is 
XCI‘O m that tllc ~tialglit wrtioll ii il. tli+B llr3l;/i~llt;rl III:~IIV 
and it ih only- CO 111 1011q \<I tllat *lo (;lm’l~ u]~~lv\ iiw(l lw 

illcludrd i~:llouc: t hi ~.i311~fil~lmt di~~olc.~. I3). iiliiu:rtillg tlli, 
diI,oles cm c~,ul~lr~l iilr4.li;~uica I jack> an(I III- llitving Rtxil)lt~ 
,jcClit* taiLtwc,<w vsctiliii- cd -. . \dc liit‘tt 1’ 1’~. it I> p~~s~ilslr~ 111 tu3ts. : 
:IIV rotat t(l g:;vc’ tllt~ ~~,:-lvct illiu tl.;lll~fo-lll;iti(,ll ov’cr tlla 
:i31i”< 3; 36 Gv\* ;iri,i to cl:,t;lill 11r1tli hvliritics:.. 011c pair OF n 
rlirsc- rolatcr- lmi l~crn or~l~‘~wd 211141 (111~ complete rotatcm is 
:Iutl(*rgoilig ni~~lr~~~~ical lr>t-. at IIESY prior trb inirrtion iI1 
!llC ti11:11e1. 

.4t LEP a Riclilcr-Scll\~itlc,~i wl~rw~r~ lrns llf~m IbIoviGow 

ally ntlopicd*‘. Tliih c.i~ll,Gs~h of an S-ljc.1111 ill tljt. r.tartjc;j[ 
plam uld c(,ntains no li<wi/<,,ltal l)mrjc Tllr cr~~,,r<’ I>;,r, crf 
tile hfriGglt: sc.,ctiial is tiltc,tl alli tlir gm.cbttlc’Trv ib fixol. Pirlc,<, 
tllc, t~~tal l~~lbg,t 1: is hl)l,nt ?001u. it nnt,t iI,cln~ic, cj~~adr~~~~~bl~~i 
%irfl 111~w :ttu.l 1~ illcl:ifltrl i11 the hj1111 1~ii114.1~ (say lrf 10~ 1 ..I 

vvtical C: l,rnrl ~chc-~ur- TY<~III~ alio tw II.P(I at TIlISTAS. I- j, 

~Ililllll'Yi t<, ,I.?' i, .~llq~u~l 1. I c ‘1”’ f (0111 li1i;ilioI1 hl \‘I~I’l’?hl”‘. 1 
So far. x5-f’ hirlv )~rvxlj tacitly a55llllliuP iltal. u.ilii if~l:imc(. 

on tlte ii;t111ral I)c’!;5l-i/;iti<b,, 1~nw<-i5~ we ii1’6~ II~~IIL+ il:ld tlrr. 

IIo:I.ITc~~. iltr~w i-. III~IC!I I~ICNW t<l tllc sttuy: El~~~~t~ on c,r- 
hits wpwir’lirc~ stovll:i\tic~ disfllrl~~ncc drlr to phc,tc~n rrllis- 

SLOII and tli~T<- art' da1llpllll: *lnIr~‘s!,<‘.. TllC 1ialilIlc~ of t11v 
tW0 t’ffvct& ~I~c>dllCC-S a it;~l~l~~ I)llasc space djs:ri~sliti<,r!. I*, 
H naive c-lassiciil pictuw w11r~~ :pi~lh ride 011 ~clt~ctr(8jls oxie 
would expect the spins t r) ‘see’ sti)rllastlc n.agnctic ficldh in 
tllr q!ladrupoles and that 1111, spius w’onld tliul diffuh(s or 
depolarizr2~22. 

This can il~dtvxl 11;~ppm: Syn~l11~~11~~,11 ra~l~;~tio~l ~;ln cr( 
ate polarization lnlt it can alsci lead to it5 <lP5tl\lctii,ll! III 
Case A. t2 1, iiccclcra:ioll tlill(’ is 5 l(rt and a\va~ from rc5~.~- : I 
lmucrs, sl)iI. orbit c~mllling C;UIIIC~! ~auv 111ucl1 ci~;~olitriz;~- 
tion. Here. lwwrvrr. the stcraF;c tinw is comparal~lr to the 
diffusion timr scale. %I. ii is eswritial to undfntatid I~OW 1~1 
rulll}nlt~~ t11rw cff,v?>. 

Thcs first conll)utt,r pr,~g~an~ v-hicll could digmt a stall. 
dart1 optic film and tllrn analytically compute dqmlarization 
rffects in thr alwvc sim;)lc l)irtwf mw SLI>I 1)~ Chao’. The 
final rqnilihriun~ polarization in SLIhl dq)r~ldh OII tli<, rpl- 
atiw stYrngtll5 of tlw polari7aticm aucl llrl”‘larizatiol1 ~‘r,)- 
CL?S56~5. Olle is xot surprismi t,o discover that tllr spin dif- 
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f.lSiOll dfects arc strongest and he*lce the polarizatiotl s*llall 
WIIPII the ~~eso:~a~~cc condition of Eq. (3) is satisfied. How- 
(‘vi’*, thy SLIM for***alism lineariscas the 3.din*c**sio**al spin 
nli)ti(ul a**~1 as a direc: resrdt only the lowest order resonances 

wit11 II,. 112;. rn, f 1 are predicted”“. 
Altrr*~atix~~l~, the progra~n SITROS cat1 hr used to t.rack 

cl;l~Gcal 511i**i nl**n&ca. ‘1~ with bliilt in radi;tti(l** effects24. 
Bni it iq *,,bt *rccrssar~ tcl a~~p~al to tlaivr pictl*res of rlns- 

seal CILIA> ri,lirlr (,*I t,lcctro**c aud i!*rw ho*nc’how *nix tl**h in 

with a C~~I~SLI~IIIU *r~crl~;~nical picture (I:‘ spi*l flip A co***1~lete 
w**1i-cla~.iic.;~1 ql*:iut*i:*i *iwcli;i*li8~nl I rv;tt riltmt which t akr5 
a,~r~lllllt of t!lC Till.il)ll~ C’ ff?ct 5 iI* a nnifietl way has bw*i given 
l,y Dwl,cnc~ XIII! Ii,,i,ilrztr*:ko as 1<mg age iii 1073 ilId hlanr 
jli 1g~;“5,‘+~, 7’11~~ give, tl*c fdlow:i**g rxpressio** for the equi- 
lit8nulu Ib~,lz,:.id;itl~lll 

6 
p, I, 

i’ q- q!& 
’ lo” ( j : 

5,‘3 ’ $,,;,,{I g(;! .<*‘)?f ::,I&;) i 

WllC1.C ?i ha5 Lt.,.,, tlchltYl ;*l,llYc illld b ~ c /- ;.:; / 1’ < ? 1 YClleri~ 
I’ is tl*v I)artic.lr, vr,locity. Tl*r a**glr brackets clr*:otr a ri**g 

illld t~11~<~1111 IlC ;>wr;*1-” :rnrl 7 ‘?I> :2?; ii 8 parlid ilcrirativc 
V.+I!I ,wiwt I,, CI~~I~~ ,mi.al,s~dnti~~F. the. ~I~~i,~~t~~~~i mcrhan- 
irh of thi, vffwl (bf 111<, <,rlbi: niutlo:i 011 the il)i**, Tln*s i** 
i!*i> f~,**l~i,lii**i. it ii this q**autit;; v~~l*ich di.icrilws tllr (I(, 

pol:~*ij.~**~ cffc c,ta. In a Iwrfrzctl> xli;i*l(d fiat ~**acl**:lv. ?I is 
vi,rti<,iil zinrl ;~;~rdlt~l tir thr Lr*iidl Ccl<! ;r**d A, Dil ‘~77 is Ieli, 
II~;~TIII~~ juht tlir, **;~1~*1.;~1 lxJariz;tti0*i c,lli*l~o**~‘**t ~;-lncL giv<~k 
92 45 a> 1Wkll t’ Ill rval 111ilT111111” -, ori. 8-J ca,, l;ts large. It 
:> ]>iL*tll~ldiilll. 1. d*gt’ v-l~(v (i*pi~i*i 1 Il*r, :~5o*~ii**c<’ co**ditio** of 

Fq. 131 fo* tl*c, \lti** tl***c 1’ is id Is ( . t’ fi 4. h*t in rci*.t:ast to 
tllr, SLIill i,jf.t,lri,, t!li- :1(1x ro*~kt’- at~x~ut l)c(.illlsC h i; IlOt 

\;Y~ll ~i~F,;,t.,l at ~,.c,II~;~I~w.‘~ FIII~IIN~I~-~~, III pri*ls-iplr. rcso- 
II;,II~‘~‘~ cili, :3111x 21 1;o all intr-cc.15 I): in I+1 (3 I. P,,; i\ tlicli 
‘.l!*atl. 

~li~*i~~ ha5 r:*iiti,~~ tlic fir-t prog:la**l. . S~IILE. for Cali.ulnt- 
ill:: h. -! 211 ‘i+ it*,, 1 lic~*ii-c~ tlir pt~ln~ir;iiio*~. whit-l* ol)eratC> 

Cl,1 il;lllllill~l < 1’1” file.. Tli~, cztl~.**!atio**h zlrv c*ritrl!ifi~nl ant1 
;*rc l,;iw,l cm i: 1~~~rtlirllation tslm**dcr*i for fi. It call lx bet to 
i-hlcldat(. tI,<, IN~];+I iy,.;jlic8I1 10 ;~rl~iir;lrily l:i& (x(lcr i*i tllf. reb 
ii**i:**vc htr7*crurl’ alltl IIT rlefbiticm aut~m*;~til~ally includes all 
ri v,**i!**w i**l<~*-f~~r+**c.c~ cffwts. It also lrr~~~**ws i**~*nrtiii*trl~ 
rl ilr :*I t1.r f,ir**lilli.*l* that altho~*gl: lbiLs;(.d 011 ii difft:I?Ilt 
I,~VII*W. Sl,lJl ~i~jci*l~it*i~*ii wr~~~pon~l algi~l~rairdl~- c sc7c~fi.u 
to tilt, ](i\z.c.st (7rtltzi. vt-xsio*1 of t.lic- gf’**(‘ral SiXlILE tllror?.. 

‘1‘1 ,:I? SIlI1.T: I q)rc~k.471ts d 1naj01 iiilwr~w nild 5i*ire it i a- 
i;,,*itlb*l* 1s a*1;,1~tic;rl it ,~nahlcs illid > iih 0 -1 -f v;jriol*i c~ffects to 
l,c III;lclc. J\viAt. t]Iih I,r~,!:raI** agrc~r~lllc,Ilt with Illf~iiilll.C1IICIItS 
nladt. at SPEAR ca** 1)~. obl aiu(.~l’6 J?rr~\i~ir*sly.to stud) 
hirSt,c., (,I.d<.r vA;Acts. -i?cl, is) (.01*1d ,ml>- 11~3 nwl to ***ake 
g~~*i(~r;il qt*alitiil ivc, ~t;~lC*11~~*1I~ ;il,llr:t *t~5tr*G.tt’Cl C;tt?igC’rlf’s Vi 
($&q.‘“~!‘, A fcrtllrr q7*anturr* *uwl*i***i(.itl trcat*nc*lt has 
lwerl g:ivl,u 1,~ Iii~r~rl hnil Sk**ja”” 

Abyvc;iy fl.,,i,, ~~~‘;0,lil,l(‘t=h. n 1s closely pwillrl to 12”. 111spw 

tic,*1 of 11~tz *11~111,.riiior in Eq,(5) slio\rh illat to ril)tG*l lligh 
l)“lii~izilti~,*1. ;iu 1~~u~1 lir fairly parallel to thr Fui(ie field in 
nlc,ht c+j’ tilt, rjn,: i.e. rl*c, S~>kolovTernc,.; ‘driving r+Tvrt *****s~ 

:ir nlwxi*lli+d. 71i, a .50 ( (’ I 1 finrs the dirrctio*l of the v**seId~lP 
~~c~liwi;~atjo** iw’itr:. IVr ran **ow sw that iI* *nwchi*~rs with 
riipolr, rc,t iit vrb. the c*axi******r* arllicvabl<a polarizatiorl will 

be below 97.4%. Tar example. at HERA, with two rotator 
pairs i*, the ring. tl*r IIiax~*nu*n polarization xoi*ld be about 
8 - $7 4 ,,I. 

Tl*esr thrordical *naxi*na ~a** only he achieved if? %/a~ 
is s*nall at those places in the ri*lg where l/p’ is large. 
Futhrrnlorr, 7 ail/a? increases with e**erg~! 

I*ispcctio*k of the perlurhatic>*l theory for ii show.5 that 
5 &i /& drpends 011 multiple integrals xvliir11 tiescrihe hov; 
tl*ra slli*i *notio** is ronpled to arid tlrirrn hg thr art)ital *no- 
tie**. Each integral increases witli cwc~gy and is to be *IId 
til)liecl 11~ R factor which rrso*iates at the reso**a*xw c,*irrgirs 
of Eq. (3:. At 1nwc~s1 order (SLIM mdt-r) onr has single- one- 
tu*u i*llrg* aI> ovri’ products of orbital and spin functioxls. 
Iii ***acl*i**rh with ii lo*Igitl*di**ill <or 1loriz~mt.d ccm*po*Ie**t of 
po!a*izatio** i** the straight srctions <,*I cithrr side- of the IP 
endj~or with yrrtical disprrsion, i.e. in any *nacl*i**r with 
dipolr spin rotators, SOIIW of these one-turn integrals can be 
large irnd a< a result. eww at SLIM lrvel, there is no hope 
of ol)t aining sig**ifica**t polzd~atio*l without taking special 
~nt~~~i;uws. Thtsr co**sist of carr~fdly choosirtg the geometry 
;l**d tl*c* ~lrsig*li**p of s*tAirie**t flcsilrility i**to the optics and 
thp 1~~nwr supply la,vor*t $0 that tlica optics ca** br adjustcvl 
11, l,ri*i~ the relevant i*itr,uRI~ tr> zrro. h’aturally. the rc- 
hrittj~~g optic must bc arccptal~te cm all cttllrr grou*ltls s**cll 
as ;cpdl*w rrq**ire**ie**ts. tlu*w etc etc. Thus. eve** at the 
libwwt order i** the theory, thv *uini*ni7***g of dvpolar*:~i*i~ ef- 
fihcts has a n*ajor i**fll*v**c~’ 011 the tiesig*l c)f the ***a<-lii*ie and 
k~~vc~cly c4-mstrai*b the opti(.h. 11i the clIrw*It jargo**. tllChC 
*n;inipdatio**s are cai ( ( ‘111 ‘first order spill *natcl*i**g’*“. 

At HER.A ;I**<\ I,F,f fi,wl. 1111. **<,t pw+ct. fi*st order 

hl)i*i **lair!* solntio*ls ran be fourlti for the roiator .iystv*ns 
~~r~i~~o~~-~d au13 as cqectcd. for a J,C rfc cfly itlig**rtl n*arl*int. 
SLlhl (i.e. SMILE set. to do a lowest or&r calr**latio**) p*e- 
diets high ])(da*-izatio** (r.g.P7”r8 at HERA) with so***c weak 
r~‘so**a**ces, Of cowsc. no ***achi*lc i> perft~ctly alig**cd: The 
cloz-fv.l orbit is always distctrtrd 1,~ a rtmplc of *ni!li*netres a*id 
q~*adr~*lwles are always slightly- tn5stwi. The distcrrtetl ~1owd 
<)x-bit rauws ?^,” to bc- tilted fro*** tl*r wrtir.itl i*i tllv iirrs and 

rl,.ii*lt,s i** spurious vertical disprrsion ;Ind tl*rhc. i******diatel~ 
(‘iiusr SOI,IC ‘dor*na*lt’ spi**-c!rLit i**tegrds Iv tw *LO** zc*o so 
that large additinnd tv****s appear i** 7 (??,i87. Thus our 
prrvious spi*l *ImtclI is partly dr5troyed and sincr **lacl*i**e 
dintortio*1s ark. tq tl*rki* very **at ure, irregular and difficult 
to ro*itrol. xv? are. cve*I at lowest order, always co**frontetl 
with im aho~t 1111cc1ti1 rollalJe wmrcc of depolarization. 

Luckily, thvrr arc algorithnlr for adj**sting the closed or- 
bit so as to iiliuiniiw tl*cx tilt of !io atid the spurious tfispersiw 
a**~1 t l*rsc- coffer a way 10 rrgni** so***e control. Such methods 
WVY~ wccrssfdly nsrd at PETRA at 16.5 Gr\’ to obtai*1 over 
70% ~~~~l;trizatio*i*“7”. 

\l’hat do analytic calculs!ious l~cyoti~l SLIM [brwlict? C’al- 
culatio:*s with SMILE sl*ow that I*igll order (3, TPROII~IICCS 
rat, lx very da~~~;rrous arid a carrf**l analysis of tl*c. SMILE 
;*lgc~rith*r* or a calc*datio** IIF Bum whirl* rxtmds the orig- 
inal spi*i diffl*sion picture of SLIM to higher order in the 
classical spi** *notion, t**akcs the reason clear: The majority 
of the dmgr~oI*s Q,, resonances are syncl*rotro** sideland~ 
of pa.rc**t reso*la*1c~s resulti**g from the fart that there is an 
tvwrgy sl)read i~*ld that the spin tune is frequetlcp *noddated 
at tlir sy*lcl*rotro*i t.****e as a result of synchrotrcm motion in 
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the l)ea~n”‘-~~. 
It is import ant to note hex that dthou~h the Bum and 

ShlILE calculations arc bawd cm very diffcrcnt philosoI)llies, 
t,llc-se andysrs of tllv two calculafionc slicr~~ that thr rflm2mt 
terms agree v:hen applied to similnr zrisulnptions ahout Ill? 
Ina~lnnr colldltmls: 411s other thcoy illclllding drpolariz:rig 

rfft-cti 711 iist agree nit11 thcsr two”.“. 
Tllc~ strcq,:th of the ~idelmnds ,cm 11~ ql~autificcl. Tlw 

wlmw~t pa~-amd cl is ihr m~~d~llati~~ll itl<l<.x: 

The sirlel~and strrngths deprn,l m purrs of a. 11 is 
clrarly a strongly energy dependent quantity arid, in order to 
mntrc)l t,ltr spnchrotron sidebanris it must be matlr as small 
as pwhihlr. At HERA. at 29GeV and with a Qa !Jf U.06. ii i5 

1.4 anti calmlatimls with ShlILE -1 , him littlr wsiflual 1d;ix 

ixation ilw ~iilrl,aliili arc very strcmq. Similar in~licati<ltis 

arc giwn lry SITROS. Howrver. if Q. is incwasrd to 0.1 so 
that 0 i: rdilrv(l. ShIILE .I c Iowa tlii‘ i~sl~~ctrd dranliitlc iin 
pr<~v~‘~~~~‘~L~, 7’11~s wr will ulakv C\IPI-y tsff<,rt to rlln HER .1. at 
lligl, Q,‘.. Fig:llrr 1 ~llc,xs a I~dariaari<m cllrvc f<,l, a +r,c rJe(-ti!, 

alipr~l HER.4 with twl~ Ic)iwtor l,:*ir.- aft r~ hl>iIi nmt riling 

aurl v;itli (js 0.7. 

P% 

:ou.o 

75.0 

50.0 

T5.0 

0.0 

/-- 

28.5 29.0 29.5 30.0 

Fig.1 Polarization vs. energy for HERA, calculated 
with SiLlILl?. 

The I)oi(dntial for bpiu IUII~ ul~dulafjr~u to cauw tro111)li 
has twm known fol nmuy years. But tllc 1)rdiciious V;EI’C al- 
\vapc qualitativr. Now. x7ith S~IILE. ;inaly’ical calc~dii1ioxi~ 
on real optic filr:, arc awilnt,lr. lvi~~ing litrlr room for dcmbt. 

ilt HERA. in tllra ;ll)scv~cc~ <If rlq~oInri,!i~rg t.ffwts thy p<l- 
lib7ation time ciwstalit iii 35 Gi-1. 1 hay) i- 11 ltliltutri. If dc- 
I)oliririllf rffr,rts nrr lb~wc,nt, tlii, tiuw c~r~-t;l~~ts HI’C ~mallu. 
AT LEI’ at 46 Gr\’ per lwatn wl~m-c Z. l)hysicb is sin&d, 
ill<, tixnv constant in 90 nArtnic.s This ii nllconlfortal,ly long. 
Thus at LEP it is plalmed to install dcdicatcd asynmwt- 
ric wi(;glers to cmhance thtx polarixatic~u rate”‘. In thr LEP 
schen~e, tltr time constant can lx rcclncd tu 36 luirlh iit 
46 GrY. Thfrr is l~w,wvrr a drawback. nmur~ly, that t llrxc 
device:, irlcrcxase tlirs ellcqy sl)read l,)- a factor of il~rre”‘. 
TRISTAh’ -1. 1 I. h w Ids ii wlativc~ly larp rucqy,y q)rrd”. 

A fwihrr source of rlrplarjzatim is the bcmn-l,c,am forcr 
which not only deflect: partirlcs lint also tilts spins’4. Tl& 
crmld l,e ali wlditicma! -~mrcc of ciclmlilri2nticm. I-nfortu 
natrly it ciuillot lx trratrti adrqua!ely in :ili ;irticlr of tllih 
lc1lgth. 

Likr\vise. it will itot lie po~s~l~lr~ to dlhcuts tll(s lwauti- 
fd cxpcrinwnts tliat art’ 1)&q car:-id trut at N<l-;c,si’lirsk. 
Tlicre. clcvrr spill g!‘““lastlc> have lwm usrd to coulpa’r 
tlir g factors of vlc~ct YOII~ and ~u>iitronh”“. Srnttcrillg s.)f 
lon$tadinaliy polarizrd rlcct 1‘01is on iiuclcon t algets is a!w 
u~ltlcrwny”‘. Tllr iutc~rcxtctl readar is stroqly rncouragrti to 
consult the refcrenres”“‘““. 

III ~.onrlu~ioli tIL<w, I? lwwi~. tlic accc,lv:atiub <bf 1~~81;~ 
t/cd t-lcct rons over shorl pcriocl5 of titne appears tc, pl.vwiLt 
it0 tuiijor prohlt-111, at least for lhr mrr+s forcwm, 111~ 
acllicvrmrnt of wlf polari7ation at high rnrrgy prcsfmtc a 
cl~ullf~il~~~ which will xxquur~ uuac.cnatcmwcl uiachinc 1 uui~~c 
and t hc ncri~nmlalicm of expmimcv. 

I1 wdd Gt: a grmt 11~111 if il nvx pr~~-vs5 c,~oltl Iif> fi8nild 111 

il~l~l)lif;: thr ri;it 111-d polarizi~timl 1~r~m’ss v:itll~lilt il.<,rr,ai 
ing the ~1~1”‘1;i1i?;itirl11. 
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