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ABSTRACT

Compton scattering of circular polarized phufons,as was
shown at different storage rings [1-3), is an effective and
sensitive method for the beam polarization measurement. The
application of the synchrotron and undulator radiations [4,5]
enlarges the possibilities of this method. This report presents
the results of the calculation and measurements of the
electrnn—pnsiﬁrbn colliding beam polarization at the VEPP-2M
using the helical undulator installed in the interaction region

as a source of circular polarized photons.
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IDEA OF THE METHOD

The intense flux of circularly polarized photons emitted
by electron passing through the helical undulator can be useﬁ
for measuremenfs of the positron beam polarization and vice
versa.

Briefly remind about the properties of the undulator
radiation. The average power in the dipole approximation is
described by the equation:

W= rZB P N e | (1)
where H, is the amplitude value of the magnetic field on the
undulator longitudinal éxié,'he is the number of the electrons
{(positrons) in the beam, fo is a revolution frequency of the
beam in the storage ring, 1 is the length of the undulator, re
is the classical radius and 7 is the relativistic factor of the

electron. The photon energy in the undulator radiation is

related to the radiation angle n = 7+8 by the equation:
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where w = 200C A is the 1 i i i
4 hn - o 18 e length of the magnetic field period

of the undulator, c is the speed of 1light, m is the electron
rest mass, h is the Plank constant reduced and K is the
undulator parameter, which is given by the equation:
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where e is the electron charge magnitude.



The degree of the circular polarization £, of the photons

generated by the helical undulator is of about 100 % near n = O

2
2y W
when . = e Using the helical undulater as a

i =
1 lmax 14K
generator of photons, the number of the Compton scatterings per

second can be written as:
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where dN!;dw is the photon spectrum current density with the
positive and negative helicity, S is the effective cross
section of the beams in the interaction region.

The Compton scattering cross-section ¢ for the photon
energy w, in the head-on-collision with the ultrarelativistic
electron (positron), with transverse polarization Cl, is given
by the expressions [6]:

| do = dan + Ez'cL'dﬁl ; (5)
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where x = 2'1-mlfmac2 is the photon energy in the electron rest
frame, & and ¢ are the polar and azimuthal angles of the
secondary gamma guanta momenta in the laboratory system.

The angular asymmetry of the secondary gamma gquanta
emission is characterized by the parameter A = dalfduu and

reaches the maximum A = 0.3 when ¥ = 1 and n = 1.

For the storage ring VEPP-2M (the beam enerqgy is E

£50

MeV) the maximum of the asymmetry can be achieved when hw 200

i

eV, that corresponds to the undulator magnetic field period
h0= 2.5 cm. The energy of the secondary gamma guanta w,
determined by the equation

= 2 2
W,= 477w, (14n +2+%) (8)

can reach ™ 400 Mev.
In the case of the undulator usage the calculation of the
average asymmetry <A> must take into account the total spectrum

and both helicitics of the undulator radiation:

s =
dN dN
_ [ dw duw ] g e
<A> = ’ (9)
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where dai and'dcrD are given by (6-7).

In. the general case the expressions for the photon
spectral density dNifdm are too complicated [7,8], but for
practically interesting valueg_Kzl , they can be simplified to

the following:
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‘where a= ezf h2 is the fine structure constant.

To optimizé the undulator parameters for the storage ring

< 1/2

VEPFP-2M the wvalue A=<aA‘'N > was calculated, that characterized



the polarimeter sensitivity. The calculation of the counting
rate N ‘'(eq. 3) was performed for the Gaussian density
distribution of the particles in the beam and the real beam
envelopes along the interactinﬁ area.

From the results of the calculation are shown in fig.1,
one can sée that for the undulator parameter K the reqian-o.s <
K < 1 ( this corresponds to 2 kGs < H < 4 kGs ) is optimal.
The asymmetry <A> = 12 % and N = 1.0 kHz could be reached in
the energy spectrum region 0.5 Worax < ¥s M T 350 MeV
with the currents of the colliding electron and positron beams
are egual to I+xI-= 6x6 mAz (this corresponds to N; - 2.5-109}.

The background processes for the Compton scattering are
the Bremsstrahlung on the residual gas atoms and sinqle.
Bremsstrahlung in the electron-positron interaction [8].

A simple estimation shows that the admissible level of the

background from the first process could be obtained with the

vacuum 16" %orr. Background from the single Bremsstrahlung can

be suppressed by the electrostatic separation of the electron
and positron beams at the interacticn point in wvertical
direction at the distance of a few beam sizes. In this case the

lumineosity of the colliding electron-positron beams LE+E— goes

2+103 times, but the decrease of the electron-photon

down by 10
luminosity is insignificant, because the photon "spot" in the
interaction point is much larger than the electron beam
vertical size o, = 5.10 %cm.

The behaviour of the electron-photon and the electron-

positron luminosity "as a  function of the value of the

electrostatic separation Az are shown in fig.2. The
contribution of the background Bremsstrahlung on the residual

gas atoms is given by the dashed line.
THE UNDULATOR DESIGH

The analysis of the different undulator designs shown that
the optimal parameters for polarization measurement can be
cbtained only with a superconducting coil. However, for the
first study of the parasitic beam interaction with the helical
magnetic field and especially with the edge fields, we have
installed in the VEPP-2M storage ring the 25 cm long, room
temperature undulator. The 2.5 cm period magnetic field of 1.3
kGs was provided by the double soft iron helix and intense
water cocled double copper helix with 5 kA DC current.

We found that the particle closed orbit distortions from
this undulator are easily compensated and the betatron turn
shifts are negligible.

The effect of the backward Compton scattering of the
undulator photons on the colliding electron-positron beams has
been firstly chserved in 1980 ([9]. We have measured the
counting rate of the Compton scattered photons N = 200 Hz
(approximately two times less than the calculated value). The
experimental measurements of the radiation polarization for the
colliding beams with a "warm" undulator were rather difficult
due to the unstable background conditions frcm.the additiﬁnal

vacuum chamber heat by the extremely high current density in
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the undulator copper bars (85 h;mmz} and were not performed.

This "warm" undulator was used for the measurements. of
gamma ray spectra and helicity that were found in 'geod
agreement with theoretical predictions [10]*.

The design of the superconducting helical undulator is
based on the same approach as the conventional  one with the
additional "self-compensating" conditions: JHx'z;dl =.D. Under
these conditions there are no a particle orbit perturbations
outside of the insertion device. The undulator magnet was
divided into two equal parts placed around the interaction
point with a gap '1.5*,1':. Each part consists of four helix
periods. The superconducting coil from NbTi cable ( e 0.07 cm)
was winded inside the double soft iron helix (fig.3). To
improve the cooling c&nditinns the iron and the support copper
i eIE WRAST  LRe 1rigwi’  hslive  Ssmps¥ature. The  thin
stainless still wvacuum chamber with aperture 1.8 cm contacts
also on the ligquid helium and works as the cryogenic pump in
the storage ring straight section.

The main parameters of the superconducting undulator
installed in the storage ring VEPP-2M are shown in Table 1.

Details of the design and the magnetic field calculations

are given elsewhere [12].

*The experiments with soft X-ray golography were carried out

using this undulator in 1981-83 [11].

Table 1. Parameters ©of the superconducting helical

undulator installed in the storage ring VEPP-2M.

The maximum value of the magnetic 4.70
field at the beam axis, kGs

The number of the magnetic field B
periods

Lenght of the magnetic field period, cm 2.4
The critical value of the 430
curent in the coil, A
The total length of the area 20
with the helical field, cm
Aperture of the vacuum chamber, cm 1.8
The cable diameter, cm 0.07
The cuter diameter of the windings, cm 4.4
The inner diameter of the windings, cm et
The number of the cecils at a single 308
period of the magnetic field

1 The ramping time, S b 3 3
The liguid helium consumption, 1.5

litres per hour

The measurement of the magnetic field on the leongitudinal
axis of the undulator was performed by the Hall probe working
at the liquid helium temperature in the immersed cryostate. The
experimental (solid 1line) and calculated (dashed 1line)
dependencies of the magnetic field amplitude on the axis as a
function of theé current in the coil are shown in fig.4. The
measurement shows the complete absence of the magnet training
effect.

The distributions of the H/ and H, components of the

magnetic field on the undulator axis measured by the Hall probe




when the current in the windings was equal to 200 A are plotted
in fig.5:

The calculated orbit displacement inside this helical
undulator is shown in fig.6. One can see that the "self-
compensation” scheme works with a good precision.

In 1984 the superconducting undulator was installed in one
of the straight sections of the VEPP-2M storage ring. Its
turning on shows the practical absence of the closed orbit
distortion. The measured betatron tune shift was

e
equal to ﬂp}:zm = F o e

THE EXPERIMENT DESCRIFTION

The scheme of the experiment [13] at the storage ring
VEPP-2M is shown in fig.7. The superconducting helical
undulator was installed in the center of the straight section.
on. each side of the interaction point at 6 m from it two
detectors are  placed which consist of plastic (polistirol)

gcintillator counters with the dimensions of 1x0.5x4 cCm

2

remotedly contrelled (positioning accuracy of about 10 “ cm) to

measure the "up-down" asymmetry, the inductive proportional
chambers to measure the gamma quanta coordinate distributions
(with the spatial resolution of about = 200 um), and the total
absorption calorimeter (20 radiation lengths) based on NaI (T1)
crystal. Prior to the scintillator counters the converter (two
radiation lengths of 1lead) is placed providing a detection

efficiency of about 35 %. The efficiency measurements and the
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energy calibration 5f the detectors were performed by using the
single Bremsstrahlung of the electron-positron interaction.

To improve the vacuum conditions the straight section was
equipped by two ion-getter pumps. During the experiment vacuum
{1.13'9, E-lﬂ_lﬂ} Torr. was measured by the counting rate of
the gamma guanta from Bremsstrahlung.

Besides that, the coils generating the longitudinal RF
magnetic field were mounted in same straight section. This
device called "Flipper" can adiabatically reverse the electron
(positron) spins without reduction of the beam polarization
degree [14]. The same device but with a small RF power supply
and noise freguency modulation, can be used for the fast beam
depolarization due to a multicrossing of the spin rescnance.

The coordinate distributions of the gamma guanta measured
by the proportional chambers are shown in fig.8. One can see
the distributions of the Dbackground guanta from the
Bremsstrahlung on the residual gas atoms (fig.8(A)) without the
undulator field and turned on the electrostatic separation
system (vertical separation at the interaction point was egqual
to, 8z = 20, = ln_jcm}. The width of the gamma gquanta
distributions on the half-maximum in this case are Ex= 2.5 cm,
£ = 1.5 cm. The background photon counting rate was 400 Hz at
the currents of I'x I = 5x5 mﬁz. The coordinate distributions
under the same conditions are shown in fig.8(B) but the
undulator field {Hl= 2.75. kEs, ‘K = 0,84, Wq= 100 MeV and

w, = 330 MeV) and the electrostatic separation system were

turned on. Twe bumps in the X coordinate distribution
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correspond to the local trajectory distortions of the particles
in the undulator (see fig.6). In this case the width at half-
maximum of the X coordinate distribution central part becomes
equal to Ex=1.3 em. The control runs without the electrostatic
separation demﬂnstrateé‘tﬁat the gamma quanta.came from the
interaction point. After that all experimental runs were done
with the events selected only from the central part of the
horizontal distribution. The Z coordinate distribution has the
width at half-maximum egual to Ez# 1.1 cm under the sane
conditions. The decrease of the coordinate distribution widths
is caused by the appearance of the Compton interaction.

The experimental energy spectrum of the Compton gamma
guanta is shown in fig.9. The measured effect-to-background
ratio was equal to 1.5. The Compton gamma quanta counting rate
was ﬁexp= 600 Hz and this value was slightly less than the
expected one ﬁaccﬁ 750 Hz.

The bacﬁground from Bremestrahlung on the residual gas
atoms in-spite of the all undertaken efforts was still toe
high. The spectrum in the energy range 0.25 < wsz <063
(fig.9) was separated by the alectronics for the polarization
measurements.

The colliding beam polarization degéee was measured at the
energy of 650 MeV, where the radiation polarization time is
tp ~ 1 hour. ThHe beams were polarized at the coupling resonance
(the life time of the beams of about 3 hours). After the time

of T = 2'tp when the polarization degree reached E¢= 0.8 (the

currente of the colliding beams were 17 x I = 5x%5 mA2] tunes
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were changed to the working point (v = 3.078 and v, = 3.106) ,
the electrostastical separation system and the undulator
magnetic field were switched on and the data taking started.
The measured value of the "up-down" asymmetry was
determined from the equation:
HU . ND

NU . HD

exp

where N, and ND are the number of events in the upper and lower
ecintillating counters in the selected energy range. The data
taking time in each point was equal to 45 s. After 300-400 s of
measuring the "up-down" asymﬁetry, the RF depolarizer was
ewitched on and the resonance depolarization was agbserved
(fig.10.). Such procedure gives a possibility for the absolute
measurement of the asymmetry.We obtained for the electron beam

+ 3

AR = (7.3 + 0.8) % and AA = (7.1 £ 0.8) % for the positren
exp exp

peam.The calculated value was egqual to ﬁhﬂal: (10.5 % 1.0) % at

the same conditions. Taking into account the presence of the

background, the measured polarizaticn degree is evaluated by

the equation:

AR N + N

C B h. exp . eff background
Lexp 0 ﬁﬁcal N
eff
and amounts to:
¢ = ¢¥ = 0.83 % 0.07 £ 0.08
lexp Lexp ¥ g R hg

Here the first error is experimental (statistical) and the
second 'ijs the expected error of the polarization degree
{(calculation).

The  measured behaviour of the asymnmetry in the other
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experimental run is shown in fig.11 when an adiabatic reversal
of the particle spine at the points "a", Wp¥ angd Mgt yas
performed with the help of the "Flipper". At the point "athe
particles spins were 180° reversed with respect to the
"natural®™ direction, at the point "b" the polarization was
restored (both its value and direction) and at the point ®cn
the next spin-flip occourred. At the point "d" the beams were
depolarized. Thus fig.11 demonstrates a good sensitivity of the
undulator polarimeter to the reversal of the electron

(positron) beam polarization direction.
CONCLUSIONS

Summarizing the results of the performed experiments we
can conclude that a new technique of the colliding beam
polarization ﬁeasurement using the helical undulator provides
under the conditions of the storage ring VEPP-2M a 10 per cent
accuracy in the polarization degree measurement during a 45 s.
run and also enables the determination of the polarization

direction of the colliding beanms.
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Fig.7 The scheme of the experiment at the storage ring VEPP-2M.

Fig.8 The gamma quanta coordinate distributions. A is the
distribution of background of the gamma quanta due to
Bremsstrahlung on residual gas atoms. The undulator is
off. B is the distributions of the gamma quanta with the
undulator field on. :
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: Fig.9 The experimental energy spectrum of the backscatted
Compton gamma gquanta.
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Fig.10 The rescnance depolarization of the electron and

positron beams.
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