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“he poesibility is discussed to measure the iransversal
~olarization of electrons in the storage ring by detection of
the spin-dependent contribution to fthe synchrotron radiation
intengity. The detector is proposed enable fo measure the pola-
rization degree at the energies higher than 50 GeV both with
20lliding beams and one bunch.



Introduction

The problem of obtaining and measuring the beam polariza-
tion at high energies has recently become actual due to the
design and construction of the electron storage rings for the
energy higher than 50 GeV.

It is known that quantum fluctuationes of the radiation
mix stochastically particle trajectories in inhomogeneous
fields, causing thereby the spin diffusion at a rate quickly
growing with energy. Thig effect is negligible in the idesal
storage ring with closed plane orbits having strictly vertical
magnetic fields. :

In real cases the spin diffusion can exceed the polari-
zing action of the radiation and depolarize the beam. The ra-
dial magnetic field, its radial gradient as well as the longi-
tudinal field at the orbit are dangerous. The detailed analy-
sis of the spin behaviour in the non-ideal storage ring has
been presented in refs. 1=-4, in which the requirements for the
accuracy of the structure location have been obtained. It may
happen that these conditions are not met in a given storage
ring. In that cage special methodé are needed to avoid .depola-
rizationf4;- One of the evident methods is the compengation
of ‘the dangérous harmonics of the perturbation, the compensga-
tion efficiency being controlled by the polarization degree of
the beam. L :

Thus, one needs a passibilitﬁ'of operative measurement
and control of the beam polarization without its destruction.

At the present time two methods of measuring the beam po-
larization in the storage ring are available: observation of
the polarization dependence of the cross section of internal
ecattering for the particles ingide a bunchf5; and observation
of the agymmetry in the Compton scattering of laser photons by

the colliding polarized been’ /.

However, the efficiency of these methods falls quickly
with the grawth of the.gtﬂrage ring energy, and at the energi-
es higher than 50 GeV both methods can hardly be usged. Recent-
ly a method of measuring the transverse beam polarization with



the help of synchrotron radiation (SR} has been proposed in
refs 7. Its idea consists in the determination of the spin
correction to the SR radiation. This article deals with g
specific variant of such a method for the LEP energies (50-
-120 GeV).

Present now the expression for the total (i.e. integrated
over angles and wavelengths) intensity of the radiation of
transversely polarized electrons with an energy IS =]"m€3;
moving along a circle of a radius R in a transverse magnetic
field H.

For the intensity of the radiation (without spin-flip) 1i-

nearly polarized in an orbit plane one has according to "’EU':

We =Wo[ 7- (258 +5) X+ .1
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W, = 2/5%62_{}, X=34 E;R - is a small expansion para-

meter, ? cheracterizes the direction of an electron polari-
zation.

For the radiation polarized perpendicularly to the orbit

plane the expression for the intensity has the following fum‘fa{
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Cne can see that the total radiation probability W=W3+Wr

depends on the orientation of the electron spin already in li-
near over X approximation due to the tem?W;.y .

Congider now the dependence of the spectral density of
the radiation for the transversely polarized electron on the
photon energy. According to ref. /8/:
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where E; (Y) characterizes the spectral composition of a & -
- component of the radiation ( y= ?"c/}\,?t,; =4F%J‘sis a
critical wavelengthl.

At H.‘&f with the accuraecy up to :‘f‘ff terms has:

Ry = B expl-9) (1+ Xy -12y).

Therefore, the ratio of the ? ~-dependent terms of the
firet order in _X to that of the zero-order in .x is ?Iy "
Correspondingly, for a polarized and unpolarized beam of elect-
rong in a storsage ring the ratio of intensities in a hard part
of the spectrum must differ by & ?Iy , where ?’ is a po-
larization degree of the beam, while 2 sign is determined by
the spin direction with respect to a magnetic field in the ra-
diation point. Thus, a relative spin correction %o the intensi-
%y of SR with an energy h W is equal to:
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Choosing ¢/ in such & way, that a flux of SR photons be still
nigh ( ~ 10 210 ' 'sec™ ") one can obtain quite observable
§ ~ 1077 at the electron energy of 50-120 GeV.

Detector lay-out

Lo measure and control the beam polarization in a gtorage
ring one must measure the flux of |' -quanta in the hard part
of tThe SR spectrum. Let the detector detect jV. f =quanta
with the energy ) in a range K = ﬂ'% y radiated by the
beam on one turn. Then:

W=AF(s) exp(-2)n(1+78),
j“—'?-k?iy e =BHE£ |
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where ﬂ ig & dimensional coefficient depending on the beam
current and a solid angle of the photon detection, &3.: is a
eritical SR energy, H is a value of the magnetic field in
the radiaition point, E is a st 'rage ring ENEergy. :

The factor ([ *]8 ) characterizes the variation of the I -
-quants flux with the polarizatioc1 degree of the beam. From the
formula above one can see that main difficulties in extracting
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the small quantity ? 6 are due to the strong denendence of

V on W,H eanda £
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dw
w
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To satisfy these requirements one can use the fact that the
gign of the spin correciion ?‘5 depends on the mutual directi-
on of the spin and the magnetic field in the radiation point.
The ratio of the signals from two identical detectors measuring
the SR intengity from the orbit regions with the opposite di-
rection of the magnetic field depends on the beam energy con-

giderably weaker and equals:
- & .l st S
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where the index T desigmates the opin direction with respect to
the magnetic field. Varying the siorage ring ene?ﬁy one can
choose the detector thresholds so that (I " "‘ ) ¢, y €li-
minating thereby the detector sensitivity to uncontrallah¢e
beam energy variations. From the presented expression for

4 //Y it also follows that besides the condition
(,{ - E;:.}?;.J ~ ¢ , the ratios "“J./.;..J and H/l4* must be constant.
Waturally, the ways by which is achieved depend on a specific
detector. One of the possible schemes is given in Fig. 1.

The 'f -quanta from magnets (1), hitting thin targets
(2), produce ete” pairs. To avoid additional scattering of char-
ged particles the convertor thickness must noil be large. 1t ig
better to make the magnets (1) in a form of completely compen-
sated triplets (a2 middle magnet is short and has a large field),
in order not to change the value of the field in the magnets
during the energy variation.

Pogitrons with the energy CL} are gelected by the spectro-
meter (3) with a focusing by an angle of F . Ionization cham-
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Fig. 1.
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bers (4) measure the flux of charged particles in the mode of
the total integration. The choice of ionization chambers is
due to their high stability. A width of the SR beam in the or-
bit plane is much greater than a corregponding target size to
exclude the influence of the beam position on the detector
threshold. The magnets from which the detected f -guanta
fly out as well as the spectrometer magnets are supplied with
a geries connection, thus providing the independence of a mea-
sured quantity on the simultaneous field variation in them.

The value of the flux of the particles passing through an
ionization chamber depends on the number of particles in the
storage ring A , & revolution frequency j’- . the energy
Eg , the spectrometer threshold energy (/) » 8 slze and
width of the target ae well ae on the distance from the radia-
tion point to the target f; « Choosing reasonable values of
thege parsmeters, one can estimate the time necessary for mea-
suring the polarization degree of the beam in the storage ring
with a 10% accuracy. Results are presented in table 1 for dif-
ferent energy velues.

Thig detector can be used to measure the polarization
degree at the energies higher than 50 GeV both with colliding
beams and one bunch, as well as faor the calibration of the
storage ring energy by the resonance depolarization method.

Ainother method of measuring a spin correction to the SR
intensity proposed in ref. 9 is based on the determination of
the ratio of SR intensities for itwo bunches (one polarized and
gnother unpolarized), simultaneously circulating in the stora-
ge ring. The relative variation in the intensity of the radla-
tion of the bunches during the change of the sign of the tri-
nlet field gives & necespary effect. Asg the same detector is
used for measguring SR intensities of both bunches, all slow
inatebilities of the storage ring parameters, magnetic flelds

etc. are compensated. However, an additional bunch hampers
uging of this technique in the caee of two colliding beams.

E(GeV 50 i 100

H (kG) 15 15 15

We (MeV) 2.5 H9 10

W (MeV) 19 29 60

28 0% | dd il il € 12

e 1 Mol S| <A |8 B i 62 10 o o

N4 wn| 07-10® | 56-10% | {14 410"

t (sec) 20 295 1

Table 1.

Revolution freguency f - ot ges

Current i.b mi

ﬁ“aAaJ of the spectrometer 5-10'2.
The angular acceptance of the detector in the orbit plane for
SR ! -quanta is about 1072, N is 2 number of charged par-
ticles hitting an ionization chamber per one revolution of the
bunch in the storage ring.

L is a measurement time.
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