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Ahtract 
A fast pulari~:~c’wr for c~lt~ctrori l~~~aiil has beer1 installed in thr 

Tl~IL;‘I’;!N 30 (:cV rir:g. This I~~ll;uirrl~dc7 m’astiws an asyrrlnld ry 

ill lIi(s ~~onlptci~: scat trrirlg of c~ircl~larly piarizrd la-scar bran1 ly 

polnri7i*8l (~1~v.l ‘\iiis. ‘I’llt, firit ~~nlari7ation 11lf~i1~nI-c.lrlc~rli at tlic 

i)c~;i~ki c’~~t-r~‘y’ 2’) (:isi’ i\ tt~~sc~rilwd L 1.’ 

Introdrlction 

Natural pul;irizal io11 trf t2lfkc.t roIi hvarn”’ ha,\ hew oIwr\Yd I,, 

*nan~ St uragc ring5 ri1 will1 r’Ii<‘rg!’ IO’S tlldll t’,? (:Cbv. As er,r’rgJ 

inc t-vase it is ~~sp~~~~tc~l that t.hv dCgrr(8 of ])olarizat i011 t)tYYXrWs 

low tiilc* to st rc3ng d~l)(‘lariz;tt.it,rl c.ifvcts. ‘I’hcsc arc crucial prol~- 

lm1s to ac-hittvry !lig!lly polarizc4 I~c~;I~I~s in high cvc’rgy storagt’ 

rirlgs cxctydirrg tllc, 3;) GP\’ rangt’. ‘I’fw TRISTAN COLWS i.hcy 

1:ncrgy ra,,,q Of 2:’ tu :x2 (k\‘, iJl which ihr st,udy of brani po- 

larization ~~rov~~lvs I:s4zful illforlnation. \\;f, haw dcvrloprd a fst 

polarimt i011 IIN)II~~O~ to rIIcacurv a t.rarisvcmc~ polal-ization of t!llv 

tron tx~air-i al, ‘l’RIS’l’.\5 Jilt. l~.~sml 011 tli~ (‘on~pto:~ sr.:ttlvr.irlr: 

of laser light A f;ti;t tint a taking arid an wcell~~nt prccisiorl arr 

c.r~~c-ial points to I~~C;WUII~ a low lt~v<~l polai-imticm wi! h a r-hart 

1NililrlJ~ t1iiw, i.i c’xl)c’i td iu t Ilt. hlR T;;~a!~~rt~ of o;lr polarimrtr~ 

dwi,q, arcs to nlilllnliz(’ it systtxut it- f’rror as wrll as a statistical 

wror and to allm for rllt~nsllrcmrnt of t hr longit udirlnl p~olari:<a- 

t ion ~irril~lt aiic~olrsl~ 

l+an: f’darizat&~~ in ‘I’I<IS’I’AN 

II1 thv pr~wwcL’ of dvpolarizirlg c4fccts originating from rnag- 

ndic fic,l(l i1np~‘rfvctiolIs and Illlsctliglllllc’rrts in ii real stor;tgch ring. 

tilt, l)uild~lp of t tit) Iwarn polariz-;ttioll can lw cxprcswd in tcmns 

of tlic* effdivt, I~~:il~luj) tirluz T ;i,\ 

Pr(l) =: ‘/TI>l:,(l ~ (‘xp--t/T)), (11 

wtitm- 1’” is thcl irlc;rl i~sympto! i(. plari,:dt ioil l(7vl. I’,, = S/(,5&) 
7 !U.:lS%. arid Tp is thr natural po;ari7alion i~uilclup time. ‘I’lrc 

l~uiltlul~ time, of t.hrx plarimi ion for t hv hvanl rnmgy I*: in (:c\’ is 

giwn IJy 

Tr, = !1S.~iii(~~‘/ll’)( If/p) sm., (‘L) 

whcrc p is tile, i~cw~ling r~(lill\ is rl1c4~m a~ld I< is the machiric~ 

m’ali rulillc. In tlit, hlR thaw nai~~lnl Jwlarizatiou l,uildup tirrw 

would tw Tp = 235 x IO”/ E5 sw, t,yl~ivally 2 riiii,utrs for 30 Cc\‘. 

An ol)swv;t!,le~ liuiltlul~ tirw drpm~ls 4x1 t,lw asyn~I)tol ic tivgrw 

of thus ~)~~l;irizat.iorl ildr~rulinwl 1,~. tl,,j)(,l;l~isati,)ri c,fTcds. ‘1’11~ prv 

ciictlon of tlrc polarimt ion ICLVI cm 1~ 1~alc.uIatc4 1)~ a c-on~put,c~r 

(o(I<~ SI,ll\l”‘. Pig. 1 sl~~~w~s tl11~ c~xpw~tcvl I)ol;tr-izatioli uf thv hlR ill 

t hv t’nr’rgy rang<’ 24 tip 32 Ci:c-V, ralcrllatc~rl with sirlmlatcd nrag- 

ric+ic field ilnlwrfwl idrl\. ‘I‘llis call-rllnt ioll takes rlr> ac<-wlrit (iI 

cwntribut iolls ‘will tlrrw large, sc)lrr~c,iils for tlir, colliding dc~l.c~~~ 

tur. ‘I‘hc ;ttm>llti<~ I)olitrixilti~.lll Iwvl is ~~sp~*(‘tul to be vrry low 
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1Fig I l,b.f~w?c~l i~~~arll p~~lariidt 1~~11 of ‘I’ltlST!\N hlli 

;,~‘Jrlrl~i tt.1, ~!r~l)(il;i~i/;,:i~,ll tiw ~i;:li( I’ It iii’c-,:I-5 \I Jim 111~~ .3pir 

tr!i~~~ /, : I:‘/li.-I tOti? .,nli~!ii~i I’ 1~ t ri, 1~~ + r; I’ 4 ri,v,. wli4~r-r, Y v 
J’J 1 I’” > 1’7 ill‘<’ 1 IIf, lI~,l-i7l)liliil. W’l.1 i( ($1 ;illil .?~~w!mt iti,, trlllr~s. 

sl~idi\(d~ alId it, it,. , I, r171tl<iII 1::,:, Ily,l!, Ill<’ “!I! iiltl~g<~Ii. r\ )I1 Cl < 

will hi, 12 wc for a :lO (X8 polnriz~~l~oll Icvd ilt ?!I (:I,\. in the 1111 

(:orn~,i 0,) l’darinlc~t ry 

‘I‘],(, ] . I. 1, R.+ I [JCB ,irlmvt~~r i\ iy; awful to Illakr a fast polariza- 

tim mrasur~~rn~~:~I Thr prillt,ipl? i\ Gnwd on tt!cx asyrnnwt r> in 

thaw (‘cmij~tou xiii tvrirl? elf c ir( uldrl~~ I~4~lar~zml lasrr PhotoInc I)y iill 

trlrc-t.ron ham. A t,railsvrrst~l\ I pol;~rizcvl c,lcc-trorl txanl gives risr 

to ar! updown a7yxiiudry 111 tllcs imt kwattc~~~l y r;ite. ifqwndi1lg 

on thv Id-right photon polnrizatiorl. 1‘11~ diffcwrltial Cornptorl 

sc-attwirig ~:ross swtinn ISI 
t>f circ.ul;irly ~~olar-iz~d J)llOtOrlS on traris- 

vex4y polarized &cl~roils or l)g)sil r~,us is writ ttvi it: thca c~lcer011 

WSI frallli~ is 

h/cm = i7j/.))(r//~[,,)2[jl - Wh20) + (qu ~ q)(l -- COSO) 

+. l’pl’, cos S( 1 - mb 0)q sill O] 
(3) 

wll(m. q. ar1~1 ii arm !lw irlmlllllip; ailci i)iitgoillg pl~otorl ~~I~wpm 

n11d II autl 4 ai< t,trv hGLIl<‘rillg ““gb. 

111 they Ialmratcrry syst~111 lli~l mitxilillili, asyrrmlr~try uf tlheL 

t);ti.kIi.iLtt(.r(‘il -r r;lti~ o<‘c’,lrs 111 1 hex plar anglcY <If 8, - I/-,. 

t\l)ic.ally 20 ,,rad irl tlw ‘I’H IS’I’.\U c>,iqy ra,igv. ‘1%~ ;tr1gdar 

divt~Ig<‘II’.~’ of 111~~ lw;lm a1141 t lw ail,<ular wsollit ion of tills dd t*c 

t,or :litist hr slnalleI 1 hi~ri t7, so tll;ii, I lhfx asyrnrndrg of thr y j-a> 

arlglilar cii?l rihril ion is not lost, ‘I’ll<, nvt angular rwolution trf tlill 

polarirlwtc~r wi!!l HII rnls po\itic,ll wsibliltir~n 1 of thc~ d~~trclr)r ai1(1 

twarn (7iiittarlcc* I i:, given 1)~ 
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Fig. 2 \‘crtir,al distribution of 7 ray at the detector 

6 = {(f//‘)[l + (0 - i?/L)*] + (A/L)‘}“’ (4) 

tvhrrc I. is t.11~ dist ancr of t htl dctcctor from t hr Iawr intcmxtiorl 

p~~iul all~i 0. ,i Ia~n’ the !)rdrl~ ‘7‘1viss ill.ralTlf’tf’rS at tllf’ iILt(‘YtLC- 

tion pin. The paramctcrs arr chosen so as to minimize the, 

nrlg,~lar Irwllitiuu. ‘I‘llis is I,l)tiniiztvl l)y choosing ar: interaction 

Ixbirlt \vlii~rr~ 111~ ,‘j- furictioir ib its rnaximilm valor. IJsually in tliv 

c.’ t’ itc~rdgr ‘.“p% thv lior:721ital cv1itt;irlc.c is larg? rnollgh t<I 
srtlriir c$ilt an ity~.~runrtry of t lw I8ru.jwtcd profilr on t hf detrctor 

‘I’lic~r~~fvw IJ~II>, vuticdl cli5tril)llt ion of : 1:~ a, rays is rricasurc~l. 

7 II<, .+x71 I( al ,3 a1.11 0 fllrictions at, !lr~ iIltwac.tion point are 23.7 

Ii1 arltl - 0 111, rrs~)cct ivrly, and I, is wt to br RS in lwcauw of 

rt?jt rig t i<,r~ on t l:c ixsl ;allatiori space, h typical vertical rmittancr 

ii 2.5 rim for 25 (ic.1’. assuming a :! % of the horizont xl enc. ‘l’hc 

I)rojrt ted hr:tln slwt size 011 the detector is 0.~16 mm. If we usr 

tllf* cir,twtlir wit11 .lic position resoliltior~ 126 pnt, the nrl. arlglllar 

rw8111t iolt is l? ‘, jfrad, suffi&lltly smallrr than l/7 

‘i’lic. tlrg:<Y i)f [~ulil'.iZ<:itk~ll fJp can IF drtwrnined by t hr vcr- 

liial iis~rnri~~~t r!’ of t.lrf, r~~f~ai~:r~d 7 rale ari(l thr analyzing pow7 

iZ rur 1 O!) ‘Y pl~oti,rl polariz,tt 1011: 

I:. = (l/A)(,V+ - A-)/(;V+ + N-) i 5 ) 

\clI(‘r(’ >v+ ;rr~cl :V. ilT<' thr rlllmt~rrs of 5 rwnts couI~l,rd at a verti- 

(.a1 IKISI~ i011 for t II~ tiw photorl hclicitirs. The vcrt ical dist rihrltiorl 

<bf -, l-“ys i’: rdl(~rlIatcd hy irltchgrating ovc’r tlw horizontal tlistri 

Irlltiori ,inti thca 3 cwer,sy tllst rilnltion. Taking into account thcx 

;!it~:lll,ir dive ~g<‘nr.<* of tile incitlcnt licam with a <:arlsbiarl distI& 

I~ui.io~i, an c>ulwct.cvl wrt,ical profilr at. 11~0 dctcctor is ohtaincd its 

sh0w11 in I’ie. 2. ‘I’hc> analyzilig power is dcfintd by the ratio of the 

hl)irl-drl~~~~~d’~‘rt, t,cwr~ a2 of mx+ bw~b~o~i to thus !mn spiri-depc~l~lcl~l 

tc~r:~ n,,. It d~~lwnds oil l)iri> USCYI irl tlich asyrnnwtry ~IwasurmIcI~t 

itnd t hr rllt‘)ff ) cxnct-gy. Sinw thch ac~xracy of the polarization 

rrlc~ws~lrt~rr,c~rlt ii gi\,vn 1,s Al’? -’ l/l .,tfl) wit11 !V - IV+ $ :V-, 

t tlcw valiiw sh,,ultl bv chown 50 as I.0 optimize the quant ilp of 

,4’L!Y Gel “;,‘r”. 

LiCWr I’olarirlirtrI 

Two mrthods have 1~~~0 pi-opowd to Iric’asurcb the vertical 

asynmrtry of y rap In the sir& photon counting *nethod’21 

the c%lrct ran bcarn is illn~~~ir~atcd lq a low power, high repetition 

rat r lawr pulw. I<ach lxwksca1.t.crA photon is nwasurrd by a 

positiorl scvisitivc detc%ctor and a calorimeter. ‘The multi-plloton 

I~~~hrlique “I 11~s a higIl leak pou<ir laser to produce numerous y 

rays per interactiw. ‘I‘] w nunllwr of photon is recorded as dr- 

l)ositrd rncrgy in the caloririwtc~r. \5’c adoplrd ttw single photon 
coulit,ing niclt hod to avoid systematic errors dur to the drift of a 

c~lowd orl)it or a photon colmting dclrctor. 

\Ve use a ci~~il~-dur~~i~~~~l ilr w11 last7 producing the 511.5 

r~i11(2..11~\‘)line. ‘l’l~e cavity-dilrllp pulse is synchronized with the 

bc*anr wwlut.ion frcyucncy t 11 i1lrlrlliliat.c. the clwtron learn at each 

crossing. The last=r pulse has a width of 15 ns (FWHM) and a peak 

power of 50%‘. The linearly polarized laser light is converted to 

tither right or lvft circlllarly polarized light with a KD’P Pock& 

crll. The laser txwn is guilicd through the transport optics of 

8 nlirrors and a final focusing lens as shown in Fig. 3 The laser 

lxwrl is aligned witll an optical target wl~ich is remotely inserted 

at the interaction point. The laser beam is focused at this point 

with an rms spot size approxirnatcly I mm. 

7 detector 

‘I’hv backscattcrtcd -, rays trawl along with the electron beam, 

then Icalr thr bram pip anti fiually rrarh the 7 detector. A 

s~l~rwiat ic ~liagraxl of t tw T ilc>t ret or is shown in I:ig. 4 The dr- 

tector measuws hot h the position and the fnrrgy distribution of 

laser hat 

M l- M8 : dielectric multilayer 
mirrors 

z TRlSTAN tunnel 

Fig. :1 I,asc*r syst (WI of ‘I~f{IS’l’.AN polari,wtc~r 
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Fig. 4 Layout of 3 tivtrctor 

y rays. The photon triggc,r is provided by 3 scintillation counters 

Sl, S2, S3 anti a lf’iid gla.<s ralOrirrl(~tC~r. 'I'IIC~ cowtcr Sl wtocs 

charged particles. A 2 mm thick (Z 0.6 r.1.) tungsten convrrter is 

followrd by th,: trigger counters S2, S3 and the lead glus rountc~r 

with zz IS r.1. for thr cwt’rgy ill(‘ilsl1r(‘lllt~lit of a e- - et pair u-c- 

ated in the converter. TlL<s vwtical posit ion of a converted photon 

is drt.cwniricd froiri liit chanr~i~ls of the silicon microstrip dctrct,or 

(SSI)) with a 50 nIn1X50 *lii:i sellsit iv, awa. ‘I’hr SST) is conl 

posed of I’-N :unc.tion~ forn;cd on a silicoli substrate with .I:! /in, 

pitch. .4 caparitivv charge divitlcd pulse is rrad cult rvrry t hrw 

strips. It is possible to detect a charged particle with position 

resolutioz of 42 bum. IV? uw 160 rradout channrls over a 20 111111 

vrrtiral width. 

I’ulsc~ hchight signals gvr~~~~ntc~i ill the SSD and t,hr lrad glass 

c-alorirrdxr are: digitized by fass: ADC C.\\AIAC modulw (LrCroy 

FER.4) in coincidence with thr trigger game. A FE:RA WI, bus 

trulsfcrs t~nccuied data t.o rithw of two l6K words memory rno& 

111ts. '1‘1~~ tin1 a arts r~ntl oni, through ( ‘Ah1 A(’ bus by the corn 

putcr each t imr a nwrlory rnodul~~ is tilled with data. This systerll 

allows for fast data acquisition at thv maximum rate of SO kflz. 

?-Rate and Background 

‘I‘tcx I:lrllirwsity of the elci-troll brnni- laser interaction with a 

horiLont;tl crw.jirig allglc 0 IS giwn 1)) 

I<( kllz/riA) = 257.1 l,\vl, { O;s + oJ:,~}-“’ 
(6) 

x { rcis2(tr/2)(n;r + cr:,) $ sin’(tr!2)(crfz + ‘~t:)}-~“’ 

wl:t~re I, is tllra ialrc-tl.orl lwa111 currcallt ill j\, M’,, thr laser rrtrrg)- pear 

pulse in /iJ. flrrr CT,~. c,~ and 0,., cr~,~, CT{-. are t,hr rms dimensions 

of the rlr~ctroll l)unc.ll ariil of thr, laser beam in mm. If a I .S8 11.1 

laser pulsr~ with a roi~nd profile 0~~ = city = 1 I~ITI collidcxs tllra 

electroIL tvam at :an angle d Inrad. t,ho vxlwcted luminosity is 62.2 

flz/rnh f(8r a I mA ‘r‘I{IS’I’AN bvam. The total cross section of 

ttie C’tiull)tcm scattuilig is 3SS IIII~ for 2.11 c,V plwtoris OIL a 25 

(;rV clcctwn -1can1 ‘1’1111s an ~~s!.irn;tt.r of the backsvat terrd 3 ratr 

is 24 kIlz/mA. 

The backgrou~~~i for the (‘on~pton 7 events is high energy 3 

rays prodr]cA from the gas t~rt~rnsstrahluIlg. The total cross WC 

tion of the hr~~~~~ssiri~hl~~rrg irl a gas with average atomic number 

Z-5 is given by flbrcni(> k/1:‘) = 57.3{F.37[(k/I;i’) - Injkll;;)] -- 

2.‘Jl(k/E)’ -- 4.03} ml,, wlww k is thr cmit.t.cA photon energy and 

E is the electron hean energy. The 7 rate from a 1 In.4 electron 

beam on thr residual g.w of a pWssUrC r? x IO-” l’orr in a 200 111 

hlR straight section Ic>ads 10 I .lp kllz/mA for O.l!) < k/E < 0.48. 

111 a real nwasurcmrnt the hremsstrahlung background may 

bc~corrw comparable t.o t.lw Compton c,vents. Its background can 

be subt,ract,rd front tllc, collt~ctetl data if we take only the back- 

grounds in thus Insc~r-ofT run bcxsitlcs the up -down asymmetry run 

Thf, polarization cari lw corrc~ctc~d wit.h tllc background events A’” 

as 

/: 1 ( 1 /A) ( A’, -- .2’- ) / ( !Y+ + !V- .- 2 MFI) VI 

wlkcrc~ JV+ and A. art. 111(~ 111) alicl flown itS~lIilIl<'t ry evelltr: incluti- 

ing I ILC~ IjClckground 

ItcPrilt of hleasurcvncril 

ub had s~mr difficulty in finding the backscattrrrd Cornpton 

7 ray signal. One reason was that background lcvcl was wry 

high since all the gaz brrmsstrahlung from the 200m long straight 

section contributr to the background. The other waSon was that 

the laser bram pow-r at the collision point was very often murh 

lower than 50 1’4 brcausc both the tuning of the laser scarce and 

thr transport of the lawr hfar-rt wcrc not adrquatr. Aft.pr thP 

readjustment of the laser system. C’ompton signal was observed 

as t lw incrcasr of c.alorimc.tc~r olltp\lt by about 20 % whl tlics 

laser was turned on. 

f.‘ig. .5 shows tli(a rc.sult of t 1.r~ as:;lnnw~t.ry Illi:iW.lrt’[ll(‘~lt \$‘I% 

II~T~ :i) itfcuiiiida1r in01’f~ (‘vc 1115 to bw if there is arly st r‘ri(? urr’ 

in thv iiata. \\;d ~C~IH. 1.0 Ilni~~~ nla~.llilll~ i.itllp to Inakc c=nwg:; hca~I 

itIl<l to try orbit corrt~ctior: c)r utlrtar strategy t.0 obtain finitcx pi>- 

Iarizntion. Authors thank f’rvfwvr Kimura for his intcrrat and 

rricouragwient. 
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