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Abstract 4 laser polarimeter has been installed in LEP to 
measure the transverse beam polarization. After recalling the op- 
timization criteria adopted in t,he design we describe the layout 
in connection with background considerations. First commis- 
sioning results with backscattered gammas are compa.red with 
the expected performance aJIc1 limits to the lowest detectable ei 
I>olarizatioll lcvrl are quoted on the basis of the sensitivity of the 
polarimeter. 

1 Introduction 

Present transverse polarization in LEP is expected to be limited 
by several drawbacks like betatron coupling and residual vertical 
dispersion. As a consequence a limited polarization level is likely 
to be available by the end of the first year of LEP operation aad a 
fast pularinWt,er [l] [-J 7’ capable of monitoring polarization chang<*s 
of a few percent is an essential tool to optimize orbit correction 
strategies necessary to improve the polarization level. 

Absolute beam energy calibration at the 2’ mass will be the 
firs: application of polarimetry at LEP. The expected accllracy 
is of the order of a few electron masses [3] since the electron 
gyromagnetic anomaly a = 9 = 1.159652188. 10d3 is known to 
a precision of some 10-s 141. 

2 The Compton polarimeter 

Suggested by B&r and IChoze [5] the laser polarimeter is based 
on spin-tlppendent Compton scattering of circularly polarized 
photons from polarized electrons or positrons (Fig.1). The spin- 
dependent total Compton cross section aC(P,, I’+) has been eval- 
uated in [6] and is shown in Fig.2 as a function of the scattering 
angle 0’ in the e* rest frame. 

The vertical angular distribution of th e recoil high energy y- 
lays, as measured at a detector downstream the laser interaction 
region (LIR), shows an up-down asylnlnetry depending on the 
right-left helicit,y of the incident laser photons and proportional 
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Figure 1: Principle of the laser polarimeter 
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Fip,w 2: Spill-dcl,cildtlit Cmnpt{w cross +actiuil T-5,. \iciit tr,riqg 

angle 0’ in the f * 1 t frame for right- and left-handed circu!arl;\ les 
l~,Jarized plmt~ms on 46 GPV verticall:: polarktl 11,l)tc~i. 

to tile lq)toll trans\-<\rYc’ l><)liIri~;iti~Ill lq’1-(‘l 

.4(y) = =;; = p. P.!, cc,so’tIiH’,i,;,~. (1) 

nherc ,IH,L(IJ) are the 7 -rates ilt a Wltical p<ositioil 1, ant1 tlic, 
i:.sllal kinematic notations arc thWp nf [l] 

This asymmet,ry prop&y can also 1~ erpl-eshctl iu trrms of the 
ceutroid shift AC lwtn-wn till- to-o tlist:il~utio!ls [7] 

A(-’ z h’ 1’ A(. (2) 

rc!atetl t,o ihc lrpton ~~olaria;~t.ioll level p, tliroilgll tl11, cllli~lltit>- 
ii proporti0na.l to tllc. anal)-zing ~>~TI-c’: usu;ill!- tl&ncXl fc,r IllI, 
:~syl~~lnrtry n~cthotl. Simulnrion\ l)rrformrtl f<>l OIIY l”)lilrimc~tr’l 
gcometr!- indicate K - SO0 /“ll 

3 Optimization criteria 

Asymmetry 

The analyzing power TI(B’. kb) in (Equ.1) has a maximum value 
II-( &,) around 8’ = T/Z Inhere the la.rgrst as!-mmetrp ill thr 
C’ompton cross section OCCII~:, (Fig.?). 

II* FE rye’ = ;) = 1 + L”+ k,’ . 
0 0 

13) 

The condition k& - 1 for optimum asymmrtq suggests a rcla- 
tionship allowing the laser wavelengt,h to IW chosen to optimizga 
the asymmetry according to t,he beam pnerg>- E [GeY] : 

k; = 
2EE+ E - = 9.5 - N 1, 
(mot’ )? As 

(4’ 
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Figure 3: Energy dependence of the analyzing power II*($). Figure 5: Horizontal profile of the backscattered photons 

where E+ X+ = 1.24 . lo3 eV nm. 
The energy dependence of II’ shown in Fig.3 indicates that 

the {se of a laser in the visible range (X4 = 532nm) provides 
optimum asymmetry conditions for LEP phase 1 and suggests 
what thr brst wavelength should he adopted to operate near the 
optimum in other energy ranges. 

Luminosity 

The luminosity per interaction for bunched beams assumed 
to have three-climensional Gaussian distributions and colliding 
under an angle 26” is 

NC N$, 
L’ zzz T = 2.8.10 

2L &,[pA] EL[~J] X++[nm] 

c 
[cm-‘] (5) 

where N, is the ef bunch population, iv, = 5.035. lOI EL&+ the 
~nm~ber of photons per pulse for a laser of energy EL, 4 the bunch 
current and S the interaction area defined as a function of the 
rms dimensions of the colliding bunches and of the interaction 
m1gle 260 [l]. 

The contribution to C from the laser pulse length can be re- 
duced 1,~ choosing a small interaction angle compatible with the 
dimensions and the position of the last mirrors in the vacuum 
chamber relative to the circulating beam. 

Once the photon wavelength is chosen to optimize the asym- 
metry the laser power defines the luminosity of the interaction. 

4 Layout 

(2u;mt,it,ative considerations on background from gas bremsstrah- 
lung and synchrotrou radiation have been accounted for in [I] and 
lctl to the choice of the layout shown in Fig.4. 

The light of a 50 mJ Nd-YAG 1 aser operated in the visible range 
(Xs = 532 mn) with a repetition rate of 30 Hz and installed in 
an Optical Laboratory N 15m from the LEP tunnel, is guided, 
after a divergence reduction with a beam expander, over N 125 m 
in a roughly evacuated beam pipe to the LIR with 4 = 80mm 
multilayer dielectric mirrors Ml . . . Ms. The final deflection onto 
the e- beam under an angle 2& = 2 + 3 mrad is provided by 
( Ag + Mg Fz)-coated Cu mirrors [S] the position of which can be 
adjusted to allow the operation of the polwimeter in parasitic 
mode on the physics runs without affecting the beam life time 
nor their reflectivity. The backscattered y’s reach the detector 

-IO 0 IO 20 
horizontal distribution .rl(mm] 

Al window built in the modified vacuum chamber in the Bl main 
dipole. The upstream 10% BW dipole prevents the synchrotron 
radiation from Bl from reaching the detector. 

5 Detector 

Silicon strip planes behind a remote controlled variable thickness 
lead absorber constitute the active part of the detector to measure 
the profiles of the electromagnetic shower. The ion-implanted 
silicon detectors are 300 pm thick and the 50 V bias voltage can be 
adjusted to vary the depletion depth according to the saturation 
level. A first plane with 1G horizontal strips with 2mm pitch 
measures the vertical profiles while a second plane (16 vertical 
strips / 3.1 mm pitch) is used to center the detector on the y 
-beam. 

6 Rates and measuring time 

For ollr polarimeter a measurement of polarizat,ion to AP re- 
quires a number of backsratterecl photons 

10" 
2N’ = (P+ AP [%])l (61 

where N, is the number of photons at each laser helicity. 
If P* = 1, lo6 recoil 7's are reqired to measure the LEP 

beam polarization to AP = +l%. 
The luminosity from a 50 mJ laser hitting a 100~1A e* bunch 

is 4 . lo= cm-l/crossing (Equ. 5) and a rate ?I7 N 8 . lo3 y’s per 
interaction is expected from the Compton cross section in the 
laboratory system (71. .4 30 Hz repetition rate laser should allow 
to measure a change in AP of zt~Yo in about 4 s. 

7 First commissioning results 

First evidence of backscattered photons has been observed in the 
Si detector after e- closed orbit correction around the LIR. 

The optimum thickness of the lead absorber to reduce the syn- 
chrotron radiation flux from quadrupoles and orbit correctors in 
the LSSl straight has first been determined with LEP running 
at 45.6 GeV. 

The overlap between the two beams at the LIR haa been opti- 
mized by varying the photon horizontal position against the in- 
coming electrons with mirror Ms and adjusting the synchroniaa- 
tion between the laser pulse and the e- bunch to the maximum 

147m downstream the LIR through a 50 x 20mm*, 2 mm thick signal in the t,wo Si planes of the detector. 



793 

LEP TUNNEL 

‘$ ‘$ ! .:.I::. J”! I / fl?itnl- “: / 
L’pI cA1 IAe L’pI cA1 IAe i 

.+..- .+..- -..------- -..------- : --. ,.- ..~. _ .-+ - . . : --. ,.- ..~. _ .-+ - . . + + t -- t -- 

I 

300m 300m 200 200 100 100 0 0 

247m 247m i+ bbi2m -1 bbi2m -1 

Figure 4: General layout of the> LEP laser polaril~wter in LSSl. Figure 4: General layout of the> LEP laser polaril~wter in LSSI 
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Fiylwia 6: Si*rtic;il lar<>filc: c.!f tllc~ l,it;.liscitt,iell,d I~lmtoris 

13;i,~l;~c~;lttr~r~~~l “, * ~10Elt~s ill t 11ci tiv~! Si ~)lime~ of the cl&cctol 
iin sllcmu il. Fips.5 iill< I 6. Tiit% rllt fiOll1 tllia wintlom (Ill? to 
i:1’illKici<~lkt alii;i:mit of t,lics clri!it is clvwly r-iAl,lc from t,llc*sr> firht 
wsults aild sltggrsts the use of 8 rlosed hrunl) to :~(ljuht tlic: slope 
,f tl IC <-- 11FilI!l ?lt t,lii’ TJIR t0 It<‘t,Y!‘I’ ?t(‘(‘r tlif’ r<‘c(lil ~illOt~~l1~ 

tm’altls ilit- d<+ctc>l. 

Tilt, ~igrlnl-to-l~ncl~~~~~~~l~l rat,io is - x0 w11tl tlw IlLulll,~I of 
i~:ic~li4i~:~ttt~~rri A; ‘5 h;~& l)wl: c%stinlatvl to ahut 00 *“‘r 1:wc.r shot 
to 1s culnp”‘“‘l wit~ll i: fiigrm of _ 1m t!spwtrYl from tlx i”.W 
I l;itii~ll~ of Sw~.;;, hs,;,lf’,! fs,r il 1:1,-I? l’“lW iutc unity of I.- 1111l1.J 

~,r8~~~x~t,l>~ n1casu1-vcl at the. LlR light, exit port. 

Tht* Iliirsilq~ f:tc.t<)r of - 50 is mrti:ll~~ ciuts 50 siilht,mri;il lossrs 

il: t,h traiixiiissioli of t,lit~ rt~~)il photom antI a htkr coiitrol of 
tlha 0rl)itr at t’ti<b LIR will certainly improve the sit,lmtion. ‘Ill<> 
q)timization of the optics and of the transmission of the lawr 
lmm line would also help in reaching the design figure for the 
III~I~I~KT cd rrroil plnorons. 

F1on1 E(lll G s lll(!i~s~~~I.(~~1:t~~.t of Ap = rt‘2’X ill - 100 s is l)cwil,le 
Ivitll ;1l~ollt 100 Ir%8xlil l)llG:t<bli,i l”‘r 1;1~r: shot, i.v. :i fai~tor of 3 
Ili!:rt’ t11;m t11+ pr”S”‘Ltly measurecl ialuc 

8 Conclusions 

Thrs illsti\llitt,i<)ii of a laser lx)lwi~tlcter on the LEP stIaiglit srctim 
LSSl 11ns l,cw c.oq’l”t.ctl ill 1989. Tlw li&llt of a Ntl-YAG lasctl 
oprriitrrl in the vi5ibltz [X,, = 532 mii) intalled in the Optical 
Lalmmtory war the LEP ttu1nc.l is tra~~spor~~l .AY’~ - 125 nl tu 
the laser interaction regicon (LIR) wit11 H spot sizr of 0.6 mm rnis, 
wl~~oclucil~l~~ to ci0.l mm 

First vvidcncc of Ix~clscatt~~rc~l l>l:c)totls has 1~~~: olxwr~-c~d ill 
t,hc y-tlctrctor Z-17 111 tlon,~str~~~n~ tllc- LIR ;&GY 1)r,qlcr atljuqt- 
r:xmt of tlw c - lwaiii c)ll,it :it tllr, illtwaction poht. 

‘l‘li(* ])olillilllvtvl 11;1< 1~~11 01w’at,vcl 1~;uaiitic;llly ox h:,llll’ 
i)liysizs r1ws :l~iil. :il:l~o~~;;l~ ilot, !v>t ol)til~Azcvl, tllv 31~~1nl~m cjf 
wr.oil pllot,m:s tlestcv,tc tl ~~~mmtly is (.s:ixiiLtt~(l to al,out 30 lxx 

lawr s11ot. 

9 A(:knowlcd~rnc:Ilts 

Tilt.: cimtril,utiva anil tIlla skill of ilie *i1311y wllm~llc5 of tllra LEP 
De&n office an<1 of :11e LEP mtl ST wt~rlshops hat1 a grtz:it 
i~npwt in t.lii~ r~*;&x:~tio:l of wl.~~ l~~~l::rin~c~t~~r an<1 l\y’ arc’ illtlvl~tcvl 
to tllt’I11 all. 
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