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Polarization measurement is a necessa-
ry part of the experiments with polarized
beams in storage rings.

At the Institute of Nuclear Physics
(Wovosibirsk) a number of polarizstion me-
asurement techniques and devices intended
for polarization control have been sugges-
ted and tested at the VEPP-2, VEPP-2H,
VEPP-3 and VEPP-4 storage rings.

The paper presents a brief description
of the uged techniques and experience of
Performing experiments with the polerized
beams.,

1. Polarization measurement by mesnsg of
the intra-beam scattering effect (IBS)

The idea of the method has been sug-
gested in Ref. /1/, and its realization has
first occured at the VEPP-2 /2/ and ACO /3/
facilities. Thig method is based on the de~
pendence of the particle scattering cross
section in a bunch on a relative orientati-
on of their spins. The measurements are ma-
de using special counters which detect the
pairg of particles losgt from the beam due
to IBS and having after interaction, the
momenta different from the equilibrium one
(Pr4ap and p-4ap ). The contribution from
polarization to' the IBS decreases with in-
creasing the transverse momentum of the
interacting particles and increases at lar-
ge momentum transfers. The counting rate of
events also slows down ag the transgverse
momentum and size of the beams grow. In
view of this, the use of the IBS is justi-
fied within the low-energy range only.

The method i1sg analyred in detail in
Ref. /4/.

Two different versions are pogsible to
construct a IBS-bagsed polarimeter.

In the first version (VEPP-2i, ACO)
the particles ere detected, which strongly
vary their momentum and leave the storage
ring's sperture slready behind the first
bending magnets. The set of counters is lo-
cated outside the aperture and the events
from a limited azimuthal gection of the
storage ring are detected. In this case,
the effect is more significant but the co-
unting rate is low. For example, in the me-
asurements at the VEPP-2Y the momentum va-
riation was Ap/P < 0.2¢0.3, the effect
constituted adout 20%, and the counting ra-
te at currents of sbout 20 mA was ecual to
dozens of Hz.

In the second version, the events with
a smell momentum transfer are detected so
thaet both particles remain in the gtorage
ring chamber after interaction. The coun-
ters are placed within the aperture and de-
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tect the events available from the whole pe~
rimeter of the storage ring. In this case,
the counting rate ig high but the effect be-
comes much smaller. Therefore, the beam si-
zeg and the other parameters, determining
the counting rate, need to be sirongly steb-
le. In the experiments at the VEPP-4 (see
Ref. /5/), while measuring the masses of the

- and ¥’ -mesgons, we have obtained the
megnitude of the effect about 2% 2t a coun-
ting rate of 2-4 kHz.

For normaelization, 1t has seemed conve-
nient to have two buncheg of the same inten~
sity: polarized and non-polarized ones. Thisg
eliminates the necessity for an accurate
normalization of the counting rate per squa-
red number of particles.

2. Lager Polarimeter

The idea of & laser polarimeter has
been suggested in the paper /6/ for the
firet time, A first lagser polarimeter has
been installed at SPEAR. At the VEPP-4
(Ref. /7/) we have used a laser with 2 wave-
length of 5300 A, repetition freguency
20 kHz and power 3 W. To measure the scatte-
red-beam asymmetry, the detector, which is
designed on the basls of & proportionsl
chamber with a 120 resolution, ig employed.
The detector is 20 m distant from the scat-
tering region.

With the aim of increasing the detecti-
on efficiency with low scattering on the
converter, use is made of 2 many-chamber
system consisting of five converters and
chambers placed one after another. The to-
tal radietion length is about 2.5 Xo., Thig
provides a detection efficiency of about
80%., The Ha-based total-absorption counter
for measuring the photon energy, is located
behind the chambers. With a current of 3 mA
in the gstorage ring the counting rate of

Y'~quante is about 10 kHz. This ensures a
10% accuracy of polarization measurement
during a period of about 100 s. The measure-
ments involving the laser polarimeter have
been made in an energy range of 4.7-5.2 GeV.

3. Polarization Meesurement by Scattering
of Synchrotron radiation (SR) circularly-
-polarized photons on a colliding beam

The idea of the method and its descrip-
tion are given in the paper /8/. The method
hag been used for the energy calibration of
the masces of the 7' -, 7 ~ and 7T -me-
sons at the VEPP~4,

As known, outside the orbit plane the
photons of synchrotron radiation hag & cir-
cular polarization of different signs above




and below the orbit. In view of this, if the
electron and positron orbits are vertically
separated, then the circularly-polarized
photons will be mainly involved in the Com-
pton scattering. Unlike the laser fechnique,
the present method gives a larger magnitude
of agymmetry. The meximum agymmetry occurs
at the energy of incident photong in the
electron-system of rest, o mc<, Thisg cor-
responds to an energy of photons of 25 eV
for the electrons with an energy of 5 GeV.
The photons having such an energy and a high
degree of circular polarizatiog are emltted
at an angle of about .~ 6°107% to the orbit
plane. The selection of the required photons
from the entire SR spectrum is made by mea-
suring the energy of scattered 7 -quanta
by a total-absorption counter.

The experiment is schematically shown
in Pig. 1. The up~dovn asymmetry has been
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Loy-out of the installation for
polarization measurements by scat-

tering of SR civcularly-nolarized
photong.

o

a) view from the top;

b) side view,
- Counter for measuring up-~down asymmetry.
~ Converters
~ Paired ionization chamber.
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measured by two scintillation counters (1)
with a 1-mm gap between them. The counters
are 1- m digtant from the collision point in
the transverse-field detector iD-1. The elec-
tron snd positron directions are both used.
To compensate the agymmetry caused by the
verticel instability of the orbit, a special
feed-back system using e computer has been

: gned. ig the detectors, the lonizatlion
bers have been emnloyed in nairs (3),
which operate in the soft part of the synch~
rotron radiation spectrum. The chambers are
placed in front of the counters measuring the
asymmetry. In the stendard cycles of ~me-—
gon measurements the magnitude of the asym-—
metry constituted 4,6%1% at a 55% degree of
beam polerization. This is in good agreement
with the calculated value (4%0.5)%. The typi-
cel counting rete is e~ 1 kHz. The behaviour
of the asymmetry as a function of time is
chovm in Fig. 2. (1 and 2: SR scattering on
e~ and e’ beams, 3: laser light scattering on
e” beam. A = {(up-down)/ (up+down).
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Fig. 2., Time dependence of the asym-
metry.

4, Measurement of radiative polarization by
s nara part of SR

The idea of the method has been advan-
ced in the paper /9/, and various variants
of its possible applications have been dis-
cussed in the papers /10/ and /11/. The
first experimental results are given in pa-
ver /12/.

The esgence of the method consgistg in
measuring a spin correction to the SR inten-
gity. This correction is equal by order of
magnitude, to the ratio of the energy of the
detected photons to the energy of electrons:

b

§ =
E

Hote that a sign of é; is determined by a
sign of the magnetic field at radiation po-
int.

For the VEPP-4, W/wWy = T.(WwW, is 5
the eritical SR frequency) and A 50107
if the field is [B = 20 kG and the energy
is E = 5 GeV.

To observe go small correction, a spe-
cial technigue has been developed, which in-
cludes the following:

a) Relative variation of the SR inten-
sity has been observed caused by two bun-
Cheg of approximately equal current ( Al/T
10™7) during the change of the polarization
degree of one of the bunchesg.

b) A special selective depolarizer ena-
bles any bunch to be depolarized.

¢) The SR intensity generated by each
bunch is measured in the counting regime by
means of a scintillation counter. It should
be noted that the threshold of a discrimina-
tor has been chosen so that the counting ra-
te from each bunch be about a half of the
revolution frequency. The latter circumstance
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is connected with the fact that at a large
number ¥ of photons in the detector at each
revolution the pulge-height spectrum has a
relative width~{//N«{ In this case when a
discriminator threshold coincides with the
most probable pulse height the detector
gengitivity to the mean number of vhotons
is maximum.

A gchematic view of the experiment is
given in PFig. 3. The SR, emitted by a spe-~
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cial "enake", is extracted at a counter.
The ratio of the counting rate from two
buncheg is measured. The feed-back system
stabilizes, through a slight variation of
the field in the "snake", the counting ra-
te from one of the bunches at a level of
0.5 {5« The typical results of the measure-
ments with the variation of the field po-
larity in the "snake" and without its va-
riation are presented in Fig. 4.

5, Forced depolarization. A depola-
rizer

A fast forced depolarigation is use-
ful for polarization measurements. As a
rule the resonant excitetion of one of the
frequencies hag been used:

fd :(K~V)§o

(\Q is the sgin precession frecuency, K
is an integer).

We meke use of seversl types of depo-
larizers.

1) The depolarizer with a longitudi-
nal magnetic field is s loop surrounding
the vacuum chamber (VEPP-2, VEPP-2M). I%
follows from the spin motion kinematics
that the efficiency of the depolarizer de-
creases with increasing the energy.
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Fige. 4. i) Results of the measurement of

SR intensity dependence on the beanm, polari-

zation degree ( Ny/N, 1s a ratio of coun-

?ing rates of photons from 2 bunches). In po-

inte (a) and (b) a fast depolarization of

one of the bunches has been performed. The

measurement time ig 60 sec per point. The

polarization time of & bunch is ﬁfp =

= 1740%20 gec (¥ = 0,726).
1i) Results of the measurement of

SR intensity dependence on the fileld direc-

tion in a “wiggler".

- a field sign in a central gap of a
Hoos i P . I’ i 'y
wiggler"coincides with a sign of a
guiding field in the storage ring;

$ - a field sign is opposite. asb —depola-
r%zer on (No); bec ~dep. off; c#d ~deps. on
(11); after d both bunches are depolarized.

2) The depolarizer with a radial magne-

tic field keeps, in a first epproximation,
ite efficiency as the energy incresses. Ho-
wever, it is worth emphasizing that this ef-
ficiency is a complex function of energy and
of the location of the depolarizer in the
magnetic structure of the storage ring.

As has been shown in the vaper /13/, the
perturbative action of a radial magneilic
field is determined by the function characte-
rizing the response of perturbation in the
spin motion.

Fig. 5 shows the experimental results
which demonsirate the different efficiency of
the transverse~field devolarizer at two ener-
gieg of the VEPP-4.

The transverse-~field depolarizer has
been in use at the VEPP-3 and VEPP-4 facili-
ties. Usually, a pair of vertically-separa-
ted plates switched on to a rf generator hag
served ag a depolarizer.

3) The single bunches can be depolarized
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Fig. 5. The time of forced depolarization
as a function of the deviation
amplitude A{q of the depolari-
zer frequency at two values of

FFVi2,
&) IFY12 - 14 (5 = 4930 Hev)
b) V% = 42 (E = 4980 MeV).

A s01id line ig en experiment,
a dqsheg1line l1g a calculation
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by a8 selective depolarizer with the time mo-~
dulation of the depolarizing field.

Also useful for the polarization measu-~
rements can be the flip-technique (Ref. /14/)
which enables a gpin of particles to be
flipped without the distortion of their de~
gree of polarization.
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