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Abstrge t

Polarization of electrong in the storage ring by detection of
the Spin-dependent contribution to the synchrotron radiation
intensity. A Gerenkov counter is proposed to be a detector.
Numerical estimateg are Presented for the electron energieg.of



I. INTRODUCTION

In pap'r [1] a new method to measure the electron beam
trensverse polarization using the synchrotron radiation (SR)
have been proposed. The essential point of this method is that
one measures the spin-dependent correction & to the intensity

gf=SRs -
of the
The magnitude of this corrections isYorder of the ratio

uf SR - photon energy to electron energy:

8:1‘32

= E _

The"aign;df-.a .ig determined by the sign of projection of mag-

netic:fiﬁid direction on the direction of electron spin at the
nrbiﬁ péint--where thig SR - photon is radiated.

(1)

As it is seen from eqs (1) 5 should be measured at hard
end of SR - spectre. Let us remind that SR - spectrum is the
universal function of Y = a.h' (g, where (Jg is the critical
frequency of SR ( G, ~ HE?). So, if one fixes Y210, the
photon flux rate is still aufficiently high ( 1010 + 1017 gec 5
in Jorder tu ha?e the necessary’ atatistica-_

‘W_hile | ie fixed, 5 growe linearly with the electron
energy Es At E = 10 + 100 GeV and H 2210 kG one hes

o o= 1074 & 1072
Since the phatnn flux is chnaen rather high, one expects the
aorreaponding-meaaurement time to be. about of gome seconds. So
far as the sign of the effect dgpenda on the sign of projecti-

on of magnetic field on the direction of electron spin, one
can meagure the baam polarizatiqn withnut its destruction.

The aim af this wark im the cunaiﬂeraticn of topice, rela-
ted to the nuncrate realizatiun af ‘the method far the storage
ring energias 10 ¢+ 100. Ge?. In particular, some problem aerises
to reject the. hard end of EH~Epectrarwhere the threshold energy
of photqns ghould be ﬂhuaan in’ tha_ranga of 0e5 # 50 KeVs In
the Gerenkav countar consiﬂerad b&low thie. threshold is provi-
ded by the choica uf the refrautian cneffiaient 0f radiator.



Let's congider the dependence of the spectral density of

II. The spin dependence of SR
the transvarsally polarized electron's radiation on the photon

Let us write out an expression for the total (integrated energy.
Over angles and wavelengths) radiation intensity of transver-
~ sally polarized electrons with the energy E =M Y. These elec- c:an.cf-a"é ﬂy F; (y) J
trons travel in a transverse homogeneous magnetic field H W6 = Rz mﬂr y :
elong a circle of radius R. o
The expression for the linearly polarized radiation in- : : s
tensity in ihe orbit plane (with cmir I;pin-flip} is [27]: wnere Fe s Shatmotarines tha.amestomn sEdse " i
; | - component of radiation ( Y = Ae/A , A .=4TR/3Y :

- is the critical wavelength).

iz 7 _ (2515 . % L

whe;:e Wo:?_ﬁq‘, X':EW ; - ig the 4 2 27 g

amall parameter of expansion, % . is characterized by elec- + 3 x:, jH%(x)d}L — ?(2 +X3)X3H% (y) :
y _

tron polerization difecticm( for example ? = 1 when the gpin
is directed along the field).

. For 5;:-?1
The intensity of emission of radiation with polarization, =
perpendicular to the orbit pleme, without spin flip is given :
by formula [2]: |

' -y
Raog (0 dx = Hay (9) = Hyg )=V €

SEngi e sy o y
Wrr"Wa[-s 24 ] .
It is seen from this expression that the total radiation in-
tengity W=W5 +W'ﬂ" depends on the electron spin orientati- Therefore, the ratio of the ? - depggg,gnt term of the first
on even in linear in 'x approximation since W contains the order over'x to the term of zero urd’éi"(z is simply ?'z.{( .
term wﬁ X ? .” Correspondingly, the difference between the intensities of hard

part of spectrum for polerized and unpolarized electron beams

o it § x‘y , where ; ig the polarization degree.

Wote, that this term has a classical analogue. As a functi-
on of angular momentum S = h f/Z. it does not contain the
Planck constant end so one can obtain it using the clagei=-
cal theory of radiation for a particle with the electric char-
£e, magnetic dipole moment and internal angular momentum.




ITI. Polarization measurements on

VEPP-4

Cn the storage ring VEPP-4 there ig a proposal to measure
- the SR intensity from the cnmpensatéd one-period wiggler with
the field intensity of 22 kG in the central magnet and the
pole length of 20 cm. The alternating magnetic field results
in the variation of the SR intensity:

Pl Eer-2 sy b |

The background due to the weak field of the storage ring
and of the compensation magnets of the wiggler is negligible 1
because the measurements are performed in the hard tail of the

SR spectrum produced by the central magnet with the severale-
-fold field intensity.

| To measure the variation in intensity the Eerenkuv counter
is proposed with the radiator of 1.475 refraction index. The
EG% water solution of sugar may be used as the radiator. The
Cerenkov radiation in opticael range is emitted by the electrons
whose kinetic energy T > Tth = 184 keV. The photon of the

energy hew can produce the compton-scattered electron with
the maximum energy of

P g i rdids)

hence the counter will detect only those J' - quanta whose
energy ﬁﬂd exceeds 328 keV.

The photona of the eﬁergy below the threshold when
absorbed in the radiator can cause its scintillations. Te sup-
press this effect the filter i1s proposed (Pb 1 ecm) to cut=off
the faft teil of the SR spectrum. The calculated yields for
the Cerenkov light and for the scintillations in the counter i
. 8re summarized in the Table 1 and fige 1.

g

The effect being small ( == 2-1&'4}, the high accuracj énd
time-stability in measuring I,/I_ is required. Thus the most
reliable method appears to be the measurement of the relative
SR intensities from the 2 electron bunches (one of them pola=-

rized the other not), which rotate in the storage ring. Then
the relﬁtive variation of the radiation intensities from the
two bunches resulting from the field altemating in the wiggler
appears to be the effect in question. For these measurements

it is desired to have equal currents in the 2 bunches. The
experience with the storage ring VEPP-4 demonstrated the sim-
plicity of the current equalization to less than 10'3 differen=
ce (by mesns of the funable knock-out at one of the 2 bunches) «

The proposed scheme of the measurement is shown in figs. 2.
The measurement of the Earankov light intensity by the FM is
done in the counting mode. Fig. 3 showa the dependence of the
diseriminator triggering by the bunch pasaage through the wig-
gler on the value of the threshﬂlﬁhamplitude.

Maximum steepness of the curve slope is determined by the
width of pulse height distribution of PM gignals (i.e. a num-
ber of Cerenkov photons collected at the photocathode)s At the
beam current 1 ma, coefficient of light collection in the Ce-
renkov counter 0.2 and PM quantum sensitivity about O.1, a num-
ber of photoelectrons per one bunch passage is about 500. Thus,
the width of the pulse height distribution A =2 4+10"2, For
a pensitivity of the method to be meximum the probability of
diseriminator triggering per one bunch passage should be aboul
0,5. In this cage a ratio of the'cauﬁting rates from the first
and gpecond bunches characterizes the relative variation of the
SR intensgity of two bunches. Such a measurement scheme allows
the compensation of all slow ungtebilities of a measurement
path, beam parameters as well as wiggler megnetic fields.

Proceed now to estimation of the measurement time. One has

§ = (L/1 1) ~a(4M - g

where H% and H% give a number of discriminator triggerings in
coincidence with a phage of the 1Et and End bunches during the
time T , & superscript (L) designates field direction in a wig-
gler. A statisticel error in a ratio N;_ /Ma is about /VI‘

( N; '-EN;' B fpt/z , Where -f, ig a revolution frequency).




If it is required that the value of the observed jump be equal
about 3 statistical errors then the measurement time is equal

to e
s 36 A
f# 82. ™

For Fu=107 $I% ouiontL A s 429072 ¢ el obtaing | 5w 1 ks,

One can see from the expression sbove that the measure-
ment time depends on the quantity of light in a counter, a re-
volution frequency and e size of effect.

It is supposed to usme in the experiment the natural radi- 3
ative polarization of particles in the gtorage ring VEPP-4. At d
the energy 5.5 GeV the polarization time is about 0.5 hour.

Before the measurement one of the bunches is depolarized by a

epecial selective depolarizer. Becasuse of a smell revolution

frequency of the storage ring no technical difficulties arise

while constructing such a depolarizer.

In conclusion we shall discuss the poseibilifties to apply
the proposed method at high energies. For the 70 GeV electrons
(LEP project /3/) at ?h;/?\ = 10 the spin-dependent correction
comes to § & 107> with the wiggler field of 10 kG. The SR
intensity here should be measured at energies of the ¥ - quan-
ta above 30 MeV. The gas Eerenkav counter (ethylene GEH4} can
be used as a detector. In contragt to the case of low energies
the problem of suppressing scintillations in the radiator
should be studied more cafafully- As the use of filters at
these I' = quanta energies is no more pcaaibla’we propoge to
convert Y - quanta in a target first, then to separate the
"hard" electrons by a magnetic spectrometer. The electron flux
then will be measured by the gas Eerenkav counter with the fo-
¢ cusing optical system (see fige 4). The wl energy thresghold
is now determined by the magnetic spectirometer. The counter
threshold can now be set at about 13 Meg {GEH4 at the pressure
of 1 atm), in order not to degrade the Cerenkov light yield.

-

In %he proposed scheme the soft J§' - quanta end electrons
can occure in the Eerenkcv detector only due to multiple scat-
tering at the construction elements. This fact together with

o

the low scintillation level in the ethylene make it posgible io
avoid the %fwaanargy Y' Dbackground.

The caﬁting time in this detector is of the order of 1 sec
at the storage ring energy 70 GeV, the current in one bunch of
0+2 mA, wiggler field of 10 kG, magnet pole length of 10 cm
and the revolution frequency of 10* gec™1. The tungseten conver-
ter thickness in this calculation is taken 2 0.14 Efcmz, 45/5'
in the spectrometer ig ~ 0.2. The number of electrong incident
in the counter per one pass of the beam through the wiggler
comes to 103. The respective number of the Eerenkc? photons ig
3.5°10% in the wavelength range of 3500-5000..

Here tie efrect is stronger than that at VEPP-4, therefore
the polarization is likely to be measurable even for one bunch
mode in the storage ring by fast alternations of the wiggler
field.
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for useful discussions. We are grateful to GeN.Kulipanov,
A«NeSkringky and G.M.Tumaikin for their stimulating interest
to this work.
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Figure captions

W
Figs 1. Cerenkov light ouiput from radiator with N = 1.475
per a beam turn in the storage ring.

1« SR spectrum
2« SR spectrum after the filter (lemPb).
3 Eerenkcv light output.

4+ Number of scintillation photons in radistor (50% sugar solu-
tion).

Fig. 2.« a) Amplitude distribution from PM.
b) Trigger probability vs. discriminator threshold.

Fig. 3. |

1o Main magnet of the wiggler (H = 22 kG)

2. Compensation magnets of the wiggler.

3e Eerenkuv counter

4. PM (Photomultiplier)

5« Threshold discriminator

te Coincidence circuit

T« Counters "

8+ Pl gain stabilization arengement

9. HV supply

10« The Bignal synchronized with the moment of 1-st (2-nd) bunch
the passage through the wiggler.

Fige 4. Detector layout for 70 GeV
1« SR beam
2+ Magnet spectrometer

W
3« Gaseous Cerenkov counter
4. PM.

‘5. SR.absorber.
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