
1318 

THE TRANSVERSE POLARIHETER FOR LEP 

H. Placidi 
European Organization for Nuclear Research (CERE) 

CH-1211 Geneva 23, Switzerland 

Abstract: The design of a fast Compton- 
scattering laser polarimeter for LEP is outlined. 
Although the design is optimized for LEP at 50 GeV 
beam, general consideration3 are extended to LEP 
energies up to 100 GeV/beam. 

Beside3 a recall of the physics of the pola- 
rimeter the study includes considerations on the 
background and consequent layout of the equipment, 
the optimization of the laser-electron beam interac- 
tion region, the specification3 of the laser to fit 
the LEP energy range and an overview of the devices 
to be used as detectors for the high energy back-- 
scattered y-beam. 

A 50 % polarization level is expected to be 
measured in a few seconds with an accuracy of % 3 X. 

1. Introduction 

The current knowledge of the problems con- 
nected with polarization in LISP suggests good and 
fast polarimetry as an essential tool for implement- 
ing orbit correction strategies to obtain polarized 
beams. The feasibility considerations described in 
previous reports [1,21 are summarized here in a pro- 
posal containing the specifications to meet these re- 
quirements. 

The depolarizing effects experienced by the 
e+ and the e- beams can be different mainly due 
to orbit offsets in quadrupoles connected with dis- 
tributed machine errors and unsymmetrically excited 
RF cavities. Although the final aim is to measure the 
polarization Pe of both beams, it is assumed in the 
text that the laser photons interact with the elec-- 
tron beam. 

The absolute beam energy calibration will be 
the first application of polarimetry at LEP. In this 
procedure, already adopted at SPEAR and PETRA, chan- 
ges in the degree of polarization are monitored as a 
function of the frequency of a tlme-dependent pertur- 
bing magnetic field, and the average machine energy 
can be determined with the accuracy of the electron 
rest mass [3] since the electron gyromagnetic anomaly 
a 5 (g-2)/2 = l.l596S2.~~ is known to a pre- 
cision of some lo-‘. 

The success in overcoming the various depo- 
larizing effect3 will be monitored by the measurement 
of the absolute level for polarization and will pro. 
vide useful information for the future plans for lon- 
gitudinal polarization at LEP. 

2. Transverse Polarization in LEP 

The radiative SokolovTernov [4] polariza- 
tion time at the Z, peak, TP=6hrs, is ais- 
suasive. Eight asymmetric dipole wiggler magnets [5] 
are foreseen to control emittance. energy spread, 
damping and polarization times in LEP. The asymptotic 
polarization level and the polarization time, when 
all wigglers are excited to their maximum field, are 
at 46 end 55 GeV : 

(P ) max w * 73 7. t- 78 % (1) 

(‘p)w = 90 t 50 min. 

A new generation of wigglers has been proposed re 
cently [6] which could reduce even more the polariza-- 
tion time (-ip = 36 min at 46 GeV), without pe- 
nalizing the asymptotic value. 

3. The Laser Polarimeter 

Originally suggested by Baier and Khoze 171 
the laser polarimeter, based on spin dependent 
Compton scattering of circularly polarized photon3 
from a high energy electron/positron beam, has become 
a part of the standard equipment in ef storage 
rings above 1 GeV. The Compton rate is 

hy =Loc(Pe,P4) (2) 

where& is the luminosity of the electron beam-laser 
interaction. The spin-dependent total Compton cross- 
section o,(PevP+) has been calculated by 
Lipps and Toelhoek IS]. 

The backscattered high energy y-rays 
travel towards a detector which records their angular 
distribution, vertically shifted depending on the 
left-right photon polarization P+. The absolute 
value of the electron beam polarization can be 
derived from 

P e = A(y)/n P4 (3) 

where the analyzing power ll is averaged over the 
kinematic region defined by the detector angular ac- 
ceptance and the up-down asymmetry is 

A(y) = 
nr(y) - ne(y) 

nr(y) + ne(y) (4) 

% and ne being the counts of the back- 
scattered y’s at a vertical position y, for the two 
helicities of the laser beam. 

Introducing the spin-dependent term *2 
of the cross-section oc in the electron restframe 
[Sl, the asymmetry can be written 

*2 A(Pe,PO) = < = Pep+ coscp’ F(9’,klJ) 
0 

(5) 

For a given kinematic situation defined by the angle 
9’ the function F(9’ ,ko’) is 

f 
roportional to 

the incoming photon energy E4 = k,%c 

kl, a 2yk 
0 

= 2yEg/moc2 (6) 

The function F in (5) has a maximum around 
9’ = n/2 and thus the strongest spin dependence 
occurs for angles in the laboratory 9 ti l/y. 

Two different methods can be adopted to 
illuminate the electron beam. In the single-photon 
method the beam is made to interact with the photons 
produced by a low energy, high repetition frequency 
laser pulse. The number of backscattered y’s is of 
the order of one per bunch crossing and the maximum 
rate is then given by the revolution frequency of the 
electron bunch. The multi-photon technique, instead, 
makes use of a high peak power laser to produce about 
103 y’s per interaction. The maximum y-rate is 
limited by the laser repetition rate but the method 
provides a much more efficient background rejection. 

4. Background 

The background consists of two components: 
gas bremsstrahlung and synchrotron radiation. 

The total cross-section for the gas brems- 
strahlung can be found in [7] : 

ogb(C3) = 57.3i6.37 [E3-Pn(E3)]-2.34c~-4.03) (7) 
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The rate of bremsstrahlung photons from the residual 
gas in LSSl with <Z> = 5, av.pressure = 5.1O-g Torr, 
path length = 500 m, cs = k/E 2 0.2, is of the 
order of two photons per interaction with 1 mA/bunch. 

The number Nsr of s.r. photons/s/mA/m 
emitted above an energy u/keV as s function of the 
energy E and the bending radius p is given by [lo]: 

N = 4.6.1016 exp(-0.45 up/2) i (E5/“P3) 
sr 

(8) 

Four sources of s.r. background, namely the standard 
dipole magnets, the normal conducting quadrupoles, 
the orbit correctors and the miniwiggler system (111 
installed in LSSl are compared with the 10 X dipole 
for E = 55 GeV and u = 500 kev in Table I where 
EC 1s the S.l-. critical QnQ=SY, Nd the number 
of s.r. photons per interaction hitting the detector 
and Pd the associated deposited energy. 

Table I Flux of synchrotron radiation photons with 
energies higher than 0.5 HeV emitted from 
the magnetic elements in LSSl at 55 GeV 

Source 

Hain dipole 

10 k dipole 

Quadrupoles 

Corr. 100% 

dipole 50% 

I 30% 

tiini-wigglers 

3.096 120 

30.96 12 

v 10 s 40 

2 184 

4 92 

6.7 55 

0.877 420 

- 
Nd 

1012ph/mA/s 

5.6f10-17 

s 1.5.10 -3 

220 

5.2 

0.07 

lo3 

Pd 
GeV/crossing 

.4-lo5 

2.10-12 

I 50 

7.5.106 

2.105 

2.103 

3.6.10’ 

The figures for Pd in Table I have to be compared 
with the energy deposited by the y-beam. 

The P 25 GeV average energy of the back- 
scattered y's raises the signal to = 2.5*104 GeV per 
interaction with the multiphoton technique. The s.r. 
from the main dipoles is still too high and the lay- 
out described in Sec. 5 has been adopted to avoid it. 

5. Layout 

As shown in Fig. 1 the photon beam produced 
by a laser installed in the Optical Laboratory in 
front of IPl is directed towards the LEP tunnel 
through a = 16 m long channel. The light is then 
deflected towards the electron Laser Lnteraction 
Ilegion (LIR) located between the quadrupoles QL4 and 
QL5 E 66 m downstream IPl and interacts with the 
electron beam at an angle of 2 mrad (Fig. 2). 

The backscattered y's travel along the 
whole LSSl Straight section and leave the LEP vacuum 
chamber at the end of the dipole B4/1 to reach the 
y-detector installed at about 275 m from the LIR. 

LSSI 

fl 

6. The Laser Parameters 

The adoption of the multi-photon technique, 
for its far better S/N ratio, implies the use of high 
peak power, low repetition rate lasers (50 f 100 HW, 
% 500 mJ/pulse). 

6.1 The Laser Beam Wavelength Ad, 

The asymmetry (5) has a maximum around 
9’ = 900 and k,' = 1. This condition states a 
relationship between the laser energy Ed, and the 
beam energy E for optimum asymmetry : 

E+ E = 1.3*10-' GeV2 (9) 

In the LEP energy range lasers operating in the vi -- 
sible region (Ek= 2.5 eV) provide maximum asymmetry. 
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Fig. 2 LIR Layout 

6.2 Collision angle and laser beam sizes 

The request of providing a small collision 
angle to maximize the luminosity has to be balanced 
with the importance of reducing the sensitivity to 
vertical closed orbit misalignments. Small interac- 
tion angles are moreover limited by the position of 
the last mirror w.r.t. the electron beam. The influ- 
ence on the luminosity of the laser beam size 

3rne%iok’d? EsslZ ~I~~ri~~~~~,“~ EZssEi Z’“Z, 
angle 26,. The relative luminosity is shown in 
Fig. 3 as a function of dQ for collision angles 
26, = 2, 4 and 6 mrad. Requiring a 10 mm beaa-to- 
mirror H6 clearance and taking into account the 
laser beam emittance, a 2 mrad collision angle can be -- 
obtained with a nominal rms laser beam size at LIR 

44 * = 0.6 mm. (10) 
A smaller size would require a larger 

collision angle to accommodate the increased mirror 
dimensions with no net advantage in the luminosity. 
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Fig. 1 Polarimeter Layout 
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Fig. 3 Luminosity at LIR vs. laser beam width 

The dependence of the luminosity on the 
laser pulse duration Q4Z has been investigated 
for the interaction with a LEP electron bunch of 
c 60 ps bunchlength. Figure 4 shows that a laser 
pulse length dQlZ = 3 ns would provide a lumi- 
nosity only 20 X below the asymptotic value, which is 
acceptable. 
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Fig. 4 Luminosity at LIR vs. laser pulse length 

7. Considerations on the y-Detector 

To resolve the small vertical asymmetry of 
the backscattered y’s high density tungsten/silicon 
calorimeters similar to those developed for the 

Bhabha detectors 1121 are best suited. A first 
tungsten layer will let the y-shower develop while 
filtering out most of the s.r. flux. Two silicon 
strip planes will allow to check the profiles of the 
incoming y’s during the calibration phase (Fig. 5). 

The detector has an horizontal plane of syn- 
metry allowing for simultaneous recording of the 
y’s above and below the center of gravity of their 
vertical distributions. The number of counts nru,d 
and “Pu,d recorded in the upper and the lower 
half of the detector for right- and left-handed 
photon helicities are combined to give the asymmetry 

n 
A= nN 

- "Pu + “Pd - “cd 

N + “Pu ’ “Id ’ “rd 
(11) 

The 
errors from 
analoRou9 al 

asymmetry A is insensitive to systematic 
drifts in the closed orbit at LIR. An 

.gorithm can be set up to monitor any sys- 
tematic vertical offset at the detector, and this in-- 
formation will be used for a position feedback. 

The evaluation of the analyzing power of the 
polarimeter gives 

n (P* =1,=+14x (12) 

8. Rates, Accuracies and Measuring Time 

The adoption of the multi-photon technique 
and the availability of a laser fulfilling the recom- 
mendations of Section 6 would provide a Comp t on 
y-rate : ry a (1 f 3)*104 Hz. The measuring 
time in terms of Pa, ll and of the relative stati- 
stical accuracy &A/A is collected in Table II. 

Table II Measuring time vs. P, and &A/A 

I pe 
A 6A/A T 

rn6-b 
(%) (%I (%I (9) 

70 9.8 3 6 
10 0.5 

50 7 3 11 
10 1 

10 1.4 3 280 
10 25 

I I t I 

, 
Silicon Strip Detector VcrtA Silicon pIa+:* 

I ).-beam prnftlcrl 50 x OOmn’ 

Fig. 5 Schematic of the y-Detector 

9. Conclusions 

- The choice of a layout avoiding synchrotron radia- 
tion from the main dipoles and the adoption of the 
multiphoton method provides a favourable signal to 
noise ratio in the measurement of the asymmetry. 

- Laser specifications fulfilling the multiphoton 
requirements have been defined. They can be met by 
commercially available devices. 

- The optimization of the laser beam optics an6 spe- 
cifically of the interaction geometry appears to 
provide promising performance. 

- When LEP is operated at an energy of c 55 GeV 
with the existing wigglers, the polarimeter is 
powerful enough to monitor the polarization 
build-up at a rate of about 1 X par minute. 
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