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1. ABSTRACT presented and its application to CEBAF, HERA and LEP

are discussed.
A method and facility to measure the longitudinal

and transverse polarization of an electron beam in a 3. PRINCIPAL CONSIDERATIONS
linear or circular accelerator using synchrotron radiation

created by a three-pole high-field-intensity wiggler Aﬁcotrdlng (tj‘? tquantlljm T%ghalrlncalldt_asc;lptllont of
magnet is proposed. synchrotron radiation a longitudinally polarized electron

Quantum theory predicts that a Iongitudinallfm'ts a slightly different number of synchrotron photons

polarized electron emits a slightly different number ofto the space above and below the bending plane. A

synchrotron photons into the space above and below al ph(_)ton flux emlftteql by a transverse_ polarized
orbit plane. According to the theory, the total intensity of ectron in the magnetic field parallel and antiparallel to

synchrotron radiation depends on a degree of transve gPin vector are also different. In this paper these tW(.)
polarization too. phenomenon are proposed for the measurement of spin

The facility for simultaneous measurement of botiector direction. The angular and spectral distributions

longitudinal and transverse polarization uses tw8fdt_he_ mtens_léydoff the andITr |taolar|z_etﬂ sygihrotron_
synchrotron radiation beams extracted from opposi{ |at_|on emitied from an_€lectron with arbitrary spin
irection can be calculated by the following formula:

field direction parts of the wiggler. Using these tw
beams we avoid the large source of statistical error
connected with vertical motion of the beam at a Wy n=""—= a2 Jo
longitudinal polarization measurement. By measuring a 16nR°g (1+&y)
flux difference of these two beams, one can determineh :

where @ describes the angular and spectral

the degree of transverse polarization. o

The analyzing power of the method calculated focljistributiori of the radiation. For longitudinally polarized

CEBAF, HERA and LEP electron beam parameters Ieslectrons these functions (neglecting spin-flips caused by

about two order of magnitude higher than that of th%ynchrotron radiation) are:

27 ceé o yzdy

=fo, da, (1)

resently used Compton polarimeter. 1+
p y p p (DO — 3T[Zzy4 (1+G2)2 Kés(z)
2. INTRODUCTION Y
. O a  Ky@H
A simultaneously measurement of a degree of %ﬂliy > K (Z)E (2
transverse and longitudinal components of an electron Vita“ ™23

beam polarization in linear accelerators and colliders is

highly important because of a sequence of focusing and ¢n:1+—z)20(2(1+u2)2K§3(z)

bending magnets of the beam optics in combination with 3rcy

an orbit vertical displacement can rotate the polarization O J1+0a? K%(z)[

vector at interaction point in any direction. E*‘ Gy———————= 3)
For circular colliders this measurement permits to O Ky(dF

control a spin rotator as well as to compensate a sources ) o )
of depolarization. where { is the electron polarization, £,=1-3%,

The standard polarimeters in high energy electrogz W
colliders are laser polarimeters [1,2]. In [3] a method t0O 20,
measure the degree of a beam longitudinal polarization . . . —
using synchrotron radiation has been proposed. Tﬁgeed of lightR is the bending radiusy =
method is based on the predictions of the quanturr]
mechanical theory of synchrotron radiation from®
polarized electron developed by Sokolov and Ternov [4hetween the orbit plane and the direction of the radiated
In this paper a vector polarimeter using synchrotrophotons, 8 is bend angle,Ky3(z) and K%(z) are
radiation generated by a special short dipoles is

1+a?)??, wc=gwov3, oooz%, c is the
i eis
mc

ectron chargey = wﬂc o =wy, Y is the vertical angle



E an direction bending magnets is proportional to degree of
mc’ polarization and can be presented as followings:

Ho = 441x10°0e. AN, =3 L lec ng
In the case of transverse spin polarization (2) and (3) y(trans) = 218 137¢, ¥
must be replaced by: + 32
[0y (1+0%) Kys(D Ky D dyd. (9)
1+ Yioma & i
0, =Y (142)’

. 3 H
modified Bessel functions, &=——
2H,

° 3rfy? The analyzing power of the proposed polarimeter
O gy Ok (2) have to be calculated as follows:
V3 2
*+q KZs(2) (4)
% Ji+ra? @22/3(2) P=AJN . (10)
o, = ;’2—2}2 0(2(1+ Gz)Kfjg(Z) (5) WhereAis asymmetry
Y
ANV(LI)(C)
If we combine equations (1) with (2),(3) and with (4),(5), A= NGO (11)
and assum&y << 1 the angular distribution of the v

power radiated by, electrons into the solid angtiydd
for a given photon frequency, have to be received [3]. 4. THE SOURCES OF UNCERTAINTIES

For calculations it is convenient to convert the formulas AND MEASURING TECHNIQUE

for radiated powerW,,, into formulas for photon According to above developed method the

num%eig& Ngby dividing (1) by the photon energy polarimeter is consists of two opposite field direction
_9hC 3 PR 2 /3 A magnets generating two SR swaths and a detectors for
Ey _EEV y. Taking into account than/hC_j/lg? phoq[on flugi differengce measurement. To avoid of beam
andn, = 21R1 /e, ¢ wherel is beam current, replacing orbit distortion these magnets have to be a part of a
do by finite horizontal anglé\® and da = ydy, the total three-pole wiggler. The photon flux differences can be
number of emitted photonsy, ..}, by longitudinally measured by air or heavy gas (Kr or Xe) filled
differential ionization chamber (DIC) for an accelerators

polarized beam and the number of photons in the ﬂu8<f energy up to 10 GeV (CEBAF) generating the SR in

difference emitted in to the space above and below tQ?ray bandwidth. For energy region of HERA, LEP and
orbit plane can be presented as follows: SLC the scintillator or Cherenkov counters will be more

3 11 Y, (+a 2 effective.

Ny (1ong) :REE‘? Ae.[y:.[_a y(1+°‘2) The dominant source of systematic uncertainties for

0 2 0 longitudinal polarization measurement is an electron

EK22/3(2)+G—2 K34( 2y, (6) beam vertical displacement. This error can be
O l+a O compensated using two SR swaths generated in bending

3 1 32 magnets with opposite field direction. The main idea,

AN (1ong) =2 _— e CVAe_fyz_fa y20(1+0(2) which is easy to explain in a case of ionization chamber

yllong) 1 137 & v 10 (See Fig. 1), is as follow: the vertical displacement of SR
Kya(2) Kys(2) dyar. (7) beams in (DIC) have equal value and the same direction,

while the flux asymmetry cause by longitudinal
The total number of photons radiated by transvergglarization have an opposite sign.

polarized beam can be presented as:

+ -
3 11 Y -+ 2\2 ) | | I~C
Ny (rans) = Rﬁé \/AG_[y1 _f_a y(1+ o} ) z ﬁ o %
E—Z &y Kys(2O (2)+ T srR 19 @
% Vita? K%(Z)@(% - |
a> 5 U
"ol Kj/s(z)%dydx. (8) Figure 1. Compensation of SR beams vertical

) S _ displacementz, by four electrodes DIC.
The sign of¢ depends on spin direction: (-) is for parallel

and (+) for antiparallel to vector of the magnetic fieldTwo SR beams (SR1 and SR2) crosses the DIC having

Therefore the flux difference of two SR beams emittedommon gathering electrode and four high-voltage

from transverse polarized electrons in two opposite fieldlectrodes (HVE). The high voltage for each pair of
electrodes is the same but the voltages has opposite sign.



The electric field created by each pair of (HVE) in
ionization chamber has opposite direction too. Therefore
the vertical displacement of the swaths must be fully
compensated and the gathered charge is proportional to ) _ ]
the degree of longitudinal polarization only. TheVherep,, andL,, are accordingly bending radius and
transverse polarization according to (9) have to P@tal pole length of the wiggler arRlis mean radius of
measured as a difference between the photon fluxg¥ storage ring. According to (18),, for HERA R =
generated in the magnets having opposite field directioh000 mL, =5 mm ) is about 55 hours and the degree of
The differential ionization chamber having two HVE and>€am polarization will decrease by about 0.5 %.
common gathering electrode have to be used (See Fig.2). The schematic view of vector polarimeter for

CEBAF case is presented in Figure 3.
5. THE CALCULATIONS

The results of calculation of tHé, andAN,,, in 2 T
wiggler having pole lengthiL,,, and consequently the

asymmetryA, and the analyzing poweP,, for CEBAF,
HERA and LEP are presented in Table 1.

poe(m) 2R

Tyep(5€9 = 986 E5(GeV) L_Wg

; 12)

Table 1.
CEBAF|E=4GeV |Ns= 9.85¢10'% | A=0.33x10°
| = 100pA AN,= 3.2x10° |A=0.92¢10°
Buwg=2T AN= 9.1x10® |P,=32.26
Lyg=6.6cm P=92.1
HERA |E = 27.5 Ge\N= 1.18<10% | A= 0.25¢10% Figure 3. The schematic view of vector polarimeter.
I=20mA  |AN,= 3.0<10'%| A= 0.7210* 7. ACKNOWLEDGMENT
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Figure 2. The transverse polarization measurement.

6. QUANTUM DEPOLARIZATION CAUSE
BY WIGGLER

The quantum depolarization build-up timg, cause
by the wiggler field B,,4 % L,,4) can be estimated as [2]:



