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ABSTRACT

The radiative polarization of the beams has been studied
experimentally with the electron-positron storage ring VEPP-
2M. The polarization of one beam was measured by the varia-
tion in the counting . rate of particles scattered inside
a bunch (Touschek effect) during the resonance depolarization
by an external electromagnetic field. The obtained experimen-
tal values of the time and degree of polarization are in good
agreement with theoretical predictions. Depolarizing factors
are considered. The possibility is shown to pass the energy
range of the beam 500-650 Mev without polarization destruc-
tion. Measurement of the muon azimuthal anisotropy in the re-
action f."'e':-lr /l(':u_ proves the conservation of polarization
in the interaction of colliding electron-positzon beams.
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It is knowm /1,2/ that during the prolonged moti-
on ir the magnetic field electrons and positrons can be pola-
rized due to radiation of photons if no deyularizatinn fac-
tors are present. In simple cases the polarization degree
tends to the limiting value |
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according to the law

s = (- ) 3

with 4 ch.aracteristic time

[5{3_‘ mec z(/f;)] £

where ) - relativistic factor, H - magnetic field value,
Hﬂ 4,41x10 12 oersted. |

For the majority of the electron-positron storage rings
the polarization time can be less than the lifetime of circu-
lating beams. Thus a possibility appears to obtain intensive
beams of eléctrons and positrons with a high polarization
degree allowing to expand considerably the range of experi-
ments studying electromagnetic interactions with the collli-
ding beams.

First measurements of the polarization of an electron
beam in a storage ring have been performed in Novosibirsk in
1970 with the storage ring VEFP-2 / 3 / This experiment gave
evidence for the effect of radiative polarization. However
because of the reconstruction of the VEPP-2 complex These exX-
periments were stopped with the idea of their continuation in
the new storage ring VEPP-2M /4 . Similar measurements have

been carried out in 1972 in Orsay / 5/

I Depolarizing resonances

The problem of spin motion in a magnetic field has been
considered by different authors (see, for instance, / E—V b5
In the homogeneous field spin precesses with a frequency

—'W—(—ﬁ""* g,/( /'7)'* (3)

where H ' /‘/ H transverse and longitudinal components
-:}:t‘ the magnet:.c :Eield H with respect to the velocity,
g g - anomalous and normal parts of the magnetic moment-

In the approximation of plane orbits (Hv'=ﬂx= 0) all
the particles in a polarized beam have constant in time spin
projections on the direction HZ .

Under real conditions of the accelerators and storage
rings small inhomogeneities of the field lead to a depolari-
zation due to spread of particle trajectories. The depolari-
zation is small unless the spin precession frequency is an
integer multiple of EDIIIEH perturbation harmonics. If the re-
sonance condition is fulfilled

V= ﬂ-f- mvz + k])x +‘£V$r (4)

where )) b’ ))Z ' vx § V-S' - frequencies of vertical
and radial bei%run and synchrotron oscillations in units of
the revolution frequency W , the coherent rotation of
spins occurs generally around the direction of the perturba-
tive field Hn with a frequency Wp = Wy

Beyond the resonances the diffusion of an average spin
value is possible due to stochastic jumps of energy and
transverse momentum of the particle (scattering on the resi-
dual gas, quantum fluctuations of radiation etc.) /8-9/ 4
The diffusion velocity is determined by the frequency shift
from the nearest resonance as well as by the value of the
corresponding perturbation harmonic, its influence being
characterized by the ratio of the polarization and depolari-
zation time Up/Ty - The calculation of this quantity




requires generally the knowledge of all the perturbations.
However to estimate the power of depolarizing resonances it
is sufficient to use a model where a short skew quadrupole
giving the gradient 0 X is introduced into the magnetic
gtructure of the storage ring. The results of the calcula-
tion for such a model ar%i?h wn in Fig.1. The values of all
perturbation harmnnics( ?_f{ nare agssumed to be identical and
fquala}:& the eXp - entally measured value of a zero harmo-
nic 3% ﬁaaf-ﬁ- . Fig.1 shows that polarized beams can
be obtained everywhere in the energy range from 500 up to
E?D Mev excluding narrow resonance bands which can be shif-
‘ted easily by choice of operating frequencies of betatron
oscillations.

IT Experiments with one beam. Depolarizer

Similarly to the first experiments with VEPP-2 to measu-
re the degree of electron polarization a method was chosen
uging the polarization dependence of the cross section of
particle elastic scattering inside a bunch (Touschek effect)
/HO/t In the bunch frame of reference particles undergo scat-
tering:in the collisions caused by transverse oscillations,
so that a part of the transverse momentum transforms into the
longitudinal one. In the laboratory frame the relativistic
' transformation increases the longitudinal momentum by a fac-
tor of . Thus after scattering two particles have momen-
ta differing by + AP from the equilibrium one and can be
separated by the magnetic field of the storage ring to the
different sides from the equilibrium orbit and somehow be de-
tected. ;

The polarization contribution to the counting rate of
such events is characterized by the ratio

. 11___ A ‘3;-2L. JWG "Jmﬂz
max ' /V;

wWhere /P; ,!vf - counting rates for the nonpolarized and po-

larized beam normalized to the square of a circulating current.

Fig.1

Fig.2

Estimate of depolarizing resonance power in
terms of the ratio of polarization and depo-
larization time.
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Layout of counters for detection of electrons
scattered inside a bunch’ (Touschek effect).




This contribution depends upon the radial and vertical compo-
nents of the transverse momenta -of the particles in the bunch
as well as upon the value of the transferred momentum ﬁP .

To increase A  the detection of particles with high momen-—
tum transfer is desirable.

In this work.only those electrons were detected whose
energy after scattering increased, the trajectory being corre-
spondingly in the external side of the bending magnet (Fig.2).
The system of 3 scintillation counters installed at the compu-
ted trajectory as well as a total absorption "sandwlich" coun-
ter for eliminating low energy background allows reliable de-
tection of "useful" electrons from the straight section (the
system is triggered by 4-fold coincidences). With the account
of the Gaussian distribution of radial and vertical transver-
se momenta for the particles with an energy in the range 1.18-
1.27 of an equilibrium value E = 625 Mev the following com-
puting values have been obtained:

A =030 M= 005
max "

Experimental counting rate is A/; = 0,04. This value depends
strongly on the orbit position and beam sizes which can change
during the experiment. Thus for reliable measurement of the
polarization degree one must be able to perform fas® depolari-
zation of the beam without changing its other parameters.

Such a problem can be solved by creating at the orbit the
variable electromagnetic field resonant with a spin revolution
frequency /4/ With this aim /‘/v-, HX ; EE components of
the field can be used. In our work the longitudinal field has
been employed, created by a current loop - a part of the re-
sonance circuit swinged by the external generator at a fre-

/
GUJ*‘%(‘('% _"_-7) - (5)

The absolute value of the energy of beam particles is
known with insufficient accuracy, thus use of frequency. modu-
lated uﬁgh—frequency field is reasonable. The modulation

quency
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depth A, is chosen so that to cover all the range of ener-
gy inaccuracy.

The magnetic field value is determined by the time during
which +the beam must be depolarized. The depolarization time

T = 1 awd [ Hz &é_)..z
d Wy Wd \Hy €

where 1‘,’ - the effective length of the longitudinal magnetic
field, ZL - orbit perimeter. The high-frequency system used
at the present time has 6/[. '3-’-_3.10"5, Awd-..-.e ¥ 100 ke and
the magnetic field /= 10 oersted allowing to depolarize

the beam for ~~ ‘100 sec.

; The polarization degree was measured in the following man-
ner. In each measurement cycle the electron-currantjrﬁz 30 mA
was retained at definite energy for some time. The counting
rate /T( normalized to:jrz was measured, then the depolarizer
was switched on for 100 sec,the counting rate being measured
once more after its swifching-off, Fig.3 presents velocity de=
pendence upon the depolarizer frequency. One can see that af-
ter the depolarizer work the counting rate jumps up at a defi-
nite frequency. At other values of the beam energy the depola-
rizer frequency at which the jump in counting rate occurs va-
ries according to (@) (Fig.4). :

The dependence of the jump value A  upon the time pas-
sed from the beginning of the run up to the depolarizer swit-
ching on at the resonant frequency is presented in Fig.5. The
curve was drawn through experimental points using the analyti-
cal time dependence (1) of the polarization degree with the
following paramebters

L, = 0.92 .+ 0.15 T = (&8 & 10)
max Pi :

The error of; ma Xis determined primarily by the accuracy of
measurement of rme transverse momenta in the beam 6;;,‘ . 67:'93
as well as by the value of the momentum transfer AP/ which
are used in the calculation of the coefficient Ama.ﬁf* Both
experimentally measured quantities are consistent with theore-
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Relative variation of the counting rate wversus

depolarizer frequency.
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Resonant depolarization frequency versus
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tical values g =0,924, 'CF = 72 min, providing evidence
against considerable depolarizing factors at the energy £ =
625 Mev.

Besides that it was shown that polarization was not vio-
lated during the energy variation from 650 to 500 Mev and
back for the time ~~ 100 sec. Crossing spin resonances ) =
Vy-2 and VY v - 2 doesn't lead to notable depolariza=
tion not cnntradmting to the estimates (Fig.1).

IITI Polarization of colliding beams

Depolarizing influence of a colliding beam has been ana-
lyzed in / ‘l'y + It is shown that beyond depolarizing resonan-
ces (4) the radiative polarization is conserved if interacti-
on of the colliding beams (beam-beam effects) is small, i.e.
if the condition of their existence is fulfilled.

To observe polarization of electron-positron colliding
beams an experiment has been performed to measure azimuthal
anisotropy of muons in the reaction B+«3 g /4"'/‘4_

The differential crﬂss-section for the reaction 6+8

- /u }4 with the account of polarization has the following

form

du 163'
where B - a polar angle with a polar axis along the direce
tion of the beam, P ~ an azimuthal angle measured from the

median plane, ‘g and 3"" - polarization degrees of the élec=
tron and positron beam respectively. The azimuthal anisotro-
py of this distribution is quit:a considerable, for instance

for complete polarization ‘S § a{s
6-‘
6 d6aM (g =2 Y- D)= iﬁﬁ

y /“(9:%) ‘f':%).-_-o 5l 2! ) e

The experiment was performed at the beam energy 2E =
1300 Mev. Measurements began when the currents It;‘lﬁ mA




Fig.5

Fig.6
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Time dependence of the jump value 4y .
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Distribution of total luminosity (over 8 runs)
with time of beam circulation.
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and 1-£: 18 mA have been stored. To increase the beam lifeti-
me the 'storage ring regime was chosen so that the operating
betatron frequencies corresponded to the coupling resonance
vz = )Jx (round beams). Under these conditions maximal lumi-
nosity was equal to 2.1029 cm'gsec"q. When the luminosity de-
creased to 0.5-1029_cmnasec_ﬁ the regime was returned to the
operating point with small beam cross section, the luminosity
increased and measurements were continued.,

8 measurement runs were performed. Fig.6 presents the
distribution.of the total luminosity (over 8 runs) with the
time of beam circulation in the storage ring.

For detection of muon pairs the "Olya" detector has been
used./1%/. Detector "Olya" contains 16 coordinate wire spark
chambers with core memory (&= 10.000 ferrites), 16 triggering
scintillation counters composing 8 sandwiches for identifica-
tion of the particle type.

To suppress the cosmic ray background time-of-flight amd
phase synchronization circuits were used for detector trigge-
ring. The total solid angle covered by the detector was 0.65x
49C steradian. \

Control of the detector working regime, data accumulatiom
and primary data processing were performed by a minicomputer
M-6000 in the detector control room. The minicomputer was in
turn connected with a universal computer YMinsk-32" whose mag=
netic tapes accumulated the data. _

Quantitative characteristics of the experiment are givem

in the Table.

- Effect :Dackground

Time of the experiment, 153590 69 240
Number of detection system triggerings, Ao/
107 v S
. . £ 035 -2 q
Luminosity integral, 1 cm 6.7 -
KNumber of elastic scattering events 3049 N

Computed number of the events . _
efe > utu” 168 4 3.0 =

Detected number of the events R
ete™ > pt 178 + 15 2
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At the first stage of the analysis collinear tracks
(In‘f’{{ 3%, 4 B[L4°) intersecting the collision point have
~ been selected corresponding to two-particle processes of ela-
stic scattering and meson pair production. i

Further division of events into electrons.and mesons was
carried out using the amplitudes of sandwich counters. Fig./?
shows the spectrum of emplitude sums in sandwiches for colli-
near events. The vertical line corresponds to the boundary of
electron-meson division. Elastic scattering events were used
fer normalization of the reaction under investigation.

Small admixture of pions was separated by nuclear absorp-
tion in the material of sandwiches (the total thickness for
two particles of the pair was 104 gﬁcme). The additional error
to the number of muons due to inaccurate knowledge of picn
nuclear absorption was about 10%, i.e., less than a statistical
error. The Table presents the experimental and computed (by
QED) number of muons.

For the investigated process background consisted of cos-
mic particles triggering the detector. Background measurements
were performed without the beams. Due to switching off the
phase synchronization circuit the effective time of background
measurements was by a factor of 40 greater than the real time.

The azimuthal anisotropy was quantitatively characterized

A1 /Vtr"”h
')\ 2 A/tk = 5 ﬂ/ﬁ

where ./Vu"— the number of "vertical" muons (450{P¢:’ ‘1350),
JVA - the number of "horizontal™ muons {—4504.?{ +45°9).

Fig.8 shows experimental and computed values of _A_ versus
measurement time. Effect of beam polarizatioﬁ is seen clearly.

An additional proof of pelarization conservation in the
presence of the colliding beam was provided by measurement of
electrfon beam polarization (by Touschek effect) in the presen-
a@ of the positron beam at the end of one experimental run.

Thus, the possibility is proved to perform experiments
with polarized colliding beams of electrons and positrons.

by a parameter

Fig.?

Fig.8

80 (4)

Spectrum of amplitude sums of sandwiches for
collinear events,

A

0.4- v

0.27

Experimental and computed values of _l %
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