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Abstract

The study on the electron beam polarization in the TRIS-
TAN storage ring has been continued since the first ob-
servation of a significant level of the spin polarization.
The extensive work on the radiative polarization is focused
on high resolution measurements for depolarization reso-
nances and compensation of depolarizing effects. A com-
prehensive study reveals the radiative polarization in the
high energy storage ring.

1 INTRODUCTION

It is well known that electrons are transversely polarized
anti-parallel to the guiding magnetic field in a storage ring
by emission of spin-flip synchrotron radiation, known as
tlie Sokolav - Ternov effect {1]. Glancing of recent results of
the polarization measurements in high energy storage rings
[2), it seems to be difficult to obtain a high degree of po-
larization because of strong depolarizing effects originating
not only from magnetic imperfections and misalignments
but also from a spread of the beam energy unless sophis-
ticated optics design and correclions would be employed.
Observation of a significant level of the spin polarization
al TRISTAN {3] has brought us to a comprehensive study
of the radiative polarization. Since attempts at SPEAR
{4] and PETRA [5], no experimental work appears on the
beam polarization in the high energy storage rings. It is
important to accomplish an experimental study using the
existing accelerator in order to give proof of the depolar-
ization theories and the compensation schemes of depolar-
izing effects. The results may provide useful techniques
achieving a high polarization level in large ete™ or ep col-
liders, and developing a polarized beam in the future linear
colliders. Without any depolarizing effects, the maximum
degree of tlie polarization shoud be able to be 92.38 % in
the buildup time of 1, = 98.66(p? R/E®) s at the beam
energy E in GeV, where p is the bending radius in meters
and R is the machine mean radius. In TRISTAN the nat-
ural polarization time is 7, = 2.88 x 10%/E® s, typically 2
minutes for 30 GeV. This fast polarization time is helpful
for the experiment.

The polarization study in TRISTAN is described: (1)
The first step is to have a fast precision polarimeter. We
liave employed the Compton polarimeter using circularly
polarized photons from a laser. The polarimeter develop-
ment has been in progress toward a high precision system
with capability of measuring the spin polarization vector
and a very fast system using a high intensity laser. (2)

High resolution measurements of depolarizing resonances
are carried out around 29 GeV. The strength and causes
of depolarizing resonances are investigated. (3) The ex-
periments are carried out in order to examine the depo-
larizing mechanism due to the closed orbit distortions, the
solenoid fields in the colliding detectors, the beam-beam
interaction, the energy spread and so on. (4) Compensa-
tion of depolarizing effects is attemted with the correction
technique based on the harmonic spin matching scheme.
{5) A precise energy calibration of the electron beam can
be performed using depolarizers.

2 POLARIMETERS

2.1 Compton polarimetry

We employ the Compton polarimeter, based on Compton
scattering of circularly polarized photons from a laser on a
polarized electron beam. The laser allows us to develop a
fast precice measurement of high-energy electron polariza-
tion. The differential cross section for Compton scattering
of a polarized photon by a polarized electron is expressed
in the electron rest system as [6]

do

= (rg/Q)(q/qg)z[l +cos? ¥ + (gg — q)(1 — cos V)

& sin? 0 — £3(1 — cos ) (qpcos 7 + ) - P], n

where r, = e2/mc? is the classical electron radius, ¢g and
g are the initial and final energies of the photon in units
of the electron rest mass me?, (p and q are the incident
and scattered photon momenta, ¢ is the scattering angle,
&1 = +1 refers to linear photon polarization perpendicular
to the scattering plane, £3 = +1 refers to left circular
photon polarization, and P is the polarization vector of
the initial electron.

In the laboratory system, Compton scaltering of circu-
larly polarized light by a transversely polarized electron
produces the left-right asymmetry in the distribution of
backscattered photons on the horizontal axis for P # 0
and the up-down asymmetry in the distribution on the
vertical axis for P, # 0. The transverse components of
the polarization vector can be definitely extracted from
measurements of the horizontal and vertical distribution of
scattered photons for the left handed (é5 = +1) and right
handed (&3 = —1) circularly polarized light. The longi-
tudinal component P, of the electron polarization is also
obtained from measuring transverse distribution of pho-
tons for two states of the circularly polarized light with the
photon energy cut. With an unpolarized electron beam,
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one may determine the linear component £; of the photon
polarization. The degree of the polarization is basically
determined by asymmetry of Compton gamma rates, the
analyzing power II and the photon polarization £3 for each
case as

Pe=1/(&I)(Ny = N_)/(Ny + N_), (2)

where N, and N_. are the number of gamma evenls
counted by the detector for the two photon helicities with
&3> 0and & < 0.

2.2 Single-photon polarimeter

The single-photon counting method uses a low power,
ligh repetition rate laser pulse. Each backscattered pho-
ton is detected by the position sensitive detector and
the calorimeter. The polarimeter we have first installed
in TRISTAN is based on the single photon method us-
ing a cavity-dumped argon-ion laser of a 514.5 nm line.
The cavity-dumped pulses with the pulse width of 1dns
(FWHM) and a peak power of 50 W are synchronized with
the 200 klz beam crossing frequency in two-bunch mode
to illuminate the electron bunch at each crossing. The lin-
early polarized laser light is converted to either left or right
circularly polarized light with Pockels cell and a quarter
wave plate. The laser beam is guided through the 38 m
long transpert optics towards the interaction point where
the laser light crosses the electron beam at an angle of 8
mrad in the horizontal plane and is focused with a rms
spol size of approximately less than 1 mm. The backscat-
tered gamma rays travel along with the electron beam,
then leave the beam pipe at the end of the main dipole
and finally reach the gamma detector located 40 m down-
stream from the interaction point. The photon trigger is
provided by a coincidence among two scintillation coun-
ters and a lead glass calorimeter with a cut of the photon
energy. Electron-positron pairs created in the tungsten
converter are detected by the silicon microstrip detector
and recorded in 12 bins of a 1 mm width to determine the
vertical position of a converted photon. In the upgraded
single-photon polarimeter, we use the ” gamma ray imager”
consisting of 64 scintillating fibers with a 1 mm x 1 mm
cross section as a position sensitive detector. The photon
energy is measured by the pulse height proportional to the
energy deposited in a lead glass counter.

2.3  Multi-photon polarimeter

The multi-photon technique uses a high peak power laser
to produce numerous gamma rays per interaction. We will
install the multi-photon system employing a Nd:YAG laser
at 532 nm, which generates a 7 ns long, 550 mJ pulse at a
10 Hz repetition rate. When the laser light is transported
by the same optics as the single-photon system, a laser
pulse should be able to generate ~ 6 x 10° photons with
energy range of 2 — 15 GeV per interaction with a 1 mA
electron bunch in the TRISTAN ring at a 29 GeV beam
energy. Thus this system allows us to make measurement
of the asymmetry with a statistical error of 0.1 % in a 3

s run. The gamma rays are detected by the silicon mi-
crostrip detector consisting of 96 microstrips with a 125
pm pitch.

3 POLARIZATION MEASUREMENTS

3.1 Measurement of the asymmetry

The operation of the polarimeter begins with adjusting
alignment of the laser beam to search for optimum overlap
of the laser spot and the electron beam in botlh space and
time. Then the photon polarization is tuned by adjusting
the Pockels cell bias control so that the extinction ratio is
maximized by measuring the minimum and the maximum
power throughputs for two linearly polarized states of the
Pockels cell by means of a quarter-wave plate and a polar-
izer. In asymmetry measurements, data on the transverse
and energy distributions of gammas are accumulated for
two photon states, (+) and (), depending on the Pockels
cell setting and the laser-off state (0). Three laser modes
are alternately switched by the Pockels cell voltage and
the laser trigger pulse at a rate of approximately 10 lz.
From these measurements, the asymmetry is deduced for
each detector channel as

A=(ny ~n_)/(ng+n_ — 2ng), (3)

where ny, n._ and ng are the respective event rates corre-
sponding to (4+), (=) and (0) laser modes. The transverse
asymmetry can be detected as a shift of the center of grav-
ity of the vertical profile of the backscatticred gammas for
two helicities:

AY) = =P &1, (4)

where Il is the analyzing power of the polarimeter, which
is determined only by the detector distance from the in-
teraction point and the cut-off energy of gammas. The
analytic calculation for 28.863 GeV gives I1 = 134+ 10
pm.

3.2 Measurement of depolarizing resonances

A resonant depolarization occurs at the condition
v=ndt kv, £1lv, £ my, {5H)

where v = y(g — 2)/2 = E/(0.440652 GeV), the so-called
spin tune, and v, vy, v, are the horizontal, vertical and
synchrotron tunes, and k,{,m are integers. The dominant
resonances are integer resonances, v = n, and the first or-
der betatron and synchrotron resonances, v = nt v, ,.
Behavior of these depolarizing resonances is examined by a
energy scan of the polarization measurements, since depo-
larizing effects indicate strong energy dependence. The en-
ergy scan was made in the energy range of 28 863 - 29.083
GeV corresponding to the spin tune, 65.5 - 66. A series of
asymmetry measurements was carried out for the experi-
mental solencids and their skew quadrupoles switched oll
while the beam energy was changed in 5 - 10 MeV step,
remaining the machine tunes unchanged. During the mea-
surment, the vertical closed orbit distortions was about
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1.2 mm r.m.s. while the vertical dispersion was as small
as about 7 em r.m.s..

3.3 Compensation of depolarization

The vertical closed orbit distortion causes the spin to de-
viate from the vertical direction of the magnetic field so
that the depolarization occurs due to a reduction of the
Sokolov-Ternov effect. The deviation of the spin vector n
from the vertical axis is given by (7]

1+ v
bn| = ———-—
2(1 — cos2nv)

i=1 i=1

(6)
where o is the deflecting angle of the beam after the bend-
ing magnet i, and Ay! is the change of the angle of the
closed orbit between two bending magnets. Since Ay] is
expressed as a Fourier-sumn,

o0
Ayl = E (an cos an + by sinan},

n=l

(M)

én is proportional to (a} + b3)/(k —v)? at v = n + 0.5.
Thus the amplitudes of the Fourier harmonics k = n and
E = n + 1 strongly influence the depolarization. These
dangerous harmonics should be corrected by a harmonic
orbit correction scheme [5]. We attempted to apply this
correction scheme to TRISTAN using the 8 vertical correc-
tion dipoles installed at symmetric positions in the octants.
The correction was carried out at 28.863 GeV (v = 65.5)
for the §6th harmonics. Before the correction the rms
closed orbit distortion was corrected down to 0.3 mm with-
out any improvement of the polarization level. The shift of
the center-of-gravity of the vertical profile was moved up
{0 80 pm as the amplitude of the 66th harmonics decreased
as shown in Fig. 1. After the correction the corresponding
polarization level is estimated to be 75 % + 15 % with &3
of 0.8.

N N
[(Z Aylsin ua;)2+(z Ayl cos ua,-)z]
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Figure 1: Results of the harmonic orbit correction in terms
of a mean shift A{Y) as a function of the amplitude of the
66th harmonics.

4 CONCLUSIONS

The status and plan of the study on the electron beam po-
larization in TRISTAN were described. The depolarizing
resonances were found by the energy scan of the polariza-
tion measurements. The harmonic orbit correction gave us
a strong indication of the polarization level improvements.
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