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Abstract 

For electron storage rings general conditions are derived to get a 

high level longitudinal polarization and a possible design of the experi

mental insertion for TRISTAN e-p collider is presented. 

* On leave from Stanford Linear Accelerator Center 



§1. Introduction 

The present design of longitudinal polarization scheme for TRISTAN ' 

can be sketched schematically as shown in Fig. 1. Around the interaction 

point are several bending magnets (the so-called "snake magnets"), some 

bend the beam horizontally, some bend vertically. In the interaction 

region and the two snake regions there are quadrupole magnets that 

provide the necessary focussing needed at the interaction point. The 

snake magnets are such that the longitudinal polarization (along z) at 

the interaction point will be rotated into the vertical y-direction 

before entering the normal arcs on either side of the interaction 

region. The snake magnets therefore serve the function of rotating the 

spin from one direction to another and little attention has been given 

to the possible depolarization effects associated with such brutal 

bendings. In particular, it has been hoped that the only important 

depolarization effect of such a "spin rotator" type of design is con

tained in the expression ': 

PQ = 92 % x (reduction factor) , 

where 

<S>T^T>nR 
(reduction facotr) = . .f | p l — ^ (1) 

with n(s) the direct ion of beam polarizat ion at posit ion s , n„ the 

projection of n along the magnetic f i e l d d i rec t ion , n, the projection of 

n along the longitudinal d i rect ion and p the bending radius at s. 

According to Eq. ( 1 ) , the introduction of the spin-rotator snake magnets 

causes the polar izat ion to drop from 92 % to 78 % in the present TRISTAN 

design, which indeed does not seem to be too serious a problem. 
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Unfortunately there are other depolarization effects more serious 

than the reduction factor of Eq. (1) that the present design has not 

taken into consideration. In this note, we will study these effects for 

the longitudinal polarization schemes represented by Fig. 1 in general. 

Conditions for minimizing these depolarization effects will be given. 

We will then offer an alternative longitudinal polarization scheme for 

TRISTAN designed according to these conditions; it has the potential of 

avoiding all depolarization resonances and providing 87 % longitudinal 

polarization at four interaction points. 

It should be possible to improve the level of polarization beyond 

87 %, but we believe that the next step is rather to study the stability 

of the polarization level with respect to the various field-error and 

magnet-misalignment effects. This will be pursued in future studies. 

§2. Conditions for a Longitudinal Polarization Scheme 

Consider a longitudinal polarization scheme represented by Fig. 1. 

We assume 

— There are only horizontal bending magnets, vertical bending magnets 

and quadrupole magnets in the entire storage ring. In particular, 

there are no uncompensated solenoids or skew quadrupole magnets. 

— No field errors due to, for example, magnet misalignments or closed-

orbit distortions. 

— There are quadrupole magnets in the interaction region but no 

quadrupole magnets in the two neighboring snake regions. 

Depolarization effects other than that considered in Eq. (1) come 

from synchrotron radiation in the bending magnets (horizontal or vertical). 
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To minimize the depolarization effects, one must decouple the spin 

motion from the orbital motions (including the horizontal-betatron x„, 
p 

the vertical-betatron y„ and the longitudinal-synchrotron z motions) 
P 

that are excited by photon emissions. 

First, let us consider a photon emission occurring in a normal 

bending magnet in the storage ring arc. After the photon emission, the 

electron starts to execute xD- and z-oscillations (but no y„-osciHation). 
p p 

We have to study the potential depolarization due to these oscillations. 

As this oscillating electron travels through the arc, the magnetic field 

seen by this electron is always in the y-direction, causing its spin to 

precess around y. Since the polarization in the arc is also in the y-

direction, this does not cause any depolarization. However, as the 

electron travels through the interaction region, it sees a magnetic 

field in the I.R. (interaction region) quadrupoles given by (*) 

S(s) = G(s) [ x(s) y + y(s) x ] (2) 

where 

x(s) = a S&JJT sin E V s ) " *xo ^ + b n x ( s ) 

y(s) = bny(s) 

with a and b some amplitudes proportional to the energy of the emitted 

photon, s the beta-functions, n „ the dispersion functions, and \j> 
x ,y x ,y x ,y 

the betatron phases. 

Since the polarization in the interaction region is along z, both 

(*) We ignore the small spin precession term due to entering a 

bending magnet with an angle. 
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the horizontal and the vertical magnetic field components can cause 

depolarization unless we decouple the spin motion from the orbital 

motions, for which we require 

/ ds G(s) n(s) = 0 (3a) 
I.R. x 

/ ds G(s) n(s) = 0 (3b) 
I.R. y 

/ ds G(s) / O i l simi (s) = 0 (3c) 
I.R. x * 

f ds G(s) / O i l cos^(s) = 0 (3d) 
I.R. * * 

2) Under these conditions ', the I.R. looks transparent for spin motion of 

an electron executing motion (2). 

Secondly, we now consider a photon emission occurring in one of the 

snake bending magnets. The complication here is that the vertical 

dispersion in a snake magnet is in general non-zero; a photon emission 

also excites vertical-betatron y„ oscillation of the electron. Con

sequently it is necessary to require two more conditions on the interaction 

region quadrupole magnets in order to decouple the spin motion from the 

yB-oscil1ation in the I.R.: 

/ ds G(s) / O s J s in iWs) = 0 (3e) 
I.R. y y 

/ ds G(s) / O i l cosiWs) = 0 . (3f) 
I.R. y y 

In addi t ion, y „ -osc i l l a t i on also introduces a depolarizing magnetic 

f i e l d in the arc region (remembering that the y-component of the magnetic 

f i e l d does not depolarize in the arc) : 
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Bx(s) = G{s) y(s) 

(A) 

where v ' 

y(s) = a /3y(s) sin [u> (s) - ty Q ] , 

and we have used the fact that n (s) = 0 in the arc. 

Let £(s) and m(s) be two unit vectors defined so that (n, m, it) 

form a right-handed orthonormal vector system at position s and all 

three of them precess according to the bending magnetic field. The 

condition that the arc region looks transparent to the spin motion of an 

electron that executes motion (4) is 

/ ds £(s)-x Bfs) = / ds m(s)-x B (s) = 0 , (5) 
arc arc 

which requires four conditions on the arc quadrupole magnets: 

/ ds l{s)>x G(s) / O s T sim), (s) = 0 (6a) 
arc y y 

f ds J,(s)«x G(s) /6w(s) COSI|J (s) = 0 (6b) 
arc 

~yv - y 

/ ds m(s)-x G(s) /&TsT simi (s) = 0 (6c) 
arc 

-yv / r y 

; ds m(s)-x G(s) v ^ T i J cosi^(s) = 0 (6d) 
arc 

We have thus obtained six I.R. conditions (3a)-(3f) and four arc 

conditions (6a)-(6d) that eliminate the various depolarization effects 

other than that considered in Eq. (1) . Some discussions are now in 

order; 

— Conditions (3a), (3b), (3c) and (3e) are t r i v i a l l y sa t is f ied i f we 
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choose the snake bending magnets and n , n„» <l> » <l> antisymmetri-
x y x y 

cally, and the quadrupole magnets and e , 8 symmetrically about 
x y 

the interaction point. 

If the ten conditions are satisfied, there will be very little 

depolarization resonance structure in the polarization versus beam 

energy dependence. In particular, conditions (3a), (3b) eliminate 

the synchrotron sideband depolarization resonances; (3c), (3d) 

eliminate the xR sideband resonances and (3e), (3f), (6a)-(6d) 

eliminate the y„ sideband resonances. Under these conditions, the 

"Spin chromaticity", y 8n/3v, vanishes everywhere around the 

storage ring. Furthermore, the level of polarization can be made 
3} 

high without the need of "kink" magnets '. 

In the arc conditions (6a)-(6d), m and I depend on the beam energy. 

Thus the required quadrupole configuration in the arc must change 

with the beam energy. If for some reason the arc quadrupoles can 

not vary with beam energy, conditions (6a)-(6d) should at least be 

satisfied at the energy for the nearest y„ sideband resonances. 

Snake magnets should be made as long as space allows to reduce the 

effect of Eq. (1); but since the reduction factor (1) is not so 

serious and all other depolarization effects have been minimized, 

we can avoid the necessity of having very long snake regions as was 

suggested in ref. 4. 

§3. TRISTAN design 

Now consider a possible design of insertion to see the efficiency 

of the conditions stated above. The simplest way to get a longitudinal 

polarization is an insertion which consists of only vertical bends. In 
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the following we will consider this case as an example since the depolari

zation expressed in Eq. (1) may be the smallest. For the size of the 

ring and the beam energy we took into account the TRISTAN electron-

proton collider. 

The whole shape of the ring is illustrated schematically in Fig. 2 

and the layout of half insertion is shown in Fig. 3. Although only two 

experimental insertions are now planed for TRISTAN, here we assume four 

for simplicity, otherwise design of remaining two straight sections is 

necessary which is not essential for our purpose. 

Each insertion consists of three parts, i.e. interaction region, 

snake region and matching region. Vertical bending magnets BVl, BV2 and 

BV3 in Fig. 3 separate the proton orbit as well as rotate electron spin. 

The beam energy is assumed to be around 20 GeV. 

Conditions imposed on the interaction region quads are n* = 0 (not 

n'*) and Eqs. (3d) and (3f). Since the field of BVl (the low-field 

bend) is quite weak, we neglect the spin rotation by this magnet (̂  8°) 

and include four quads, from Ql to Q4, into the integration interval of 

Eqs. (3d) (3f). 

Conditions in the matching region are Eqs. (6a) ^ (6d) and suppression 

of horizontal dispersion. Since these four equations are reduced to two 

by the symmetry, two extra quadrupole magnets are sufficient. Many 

quads in matching region in Fig. 3 are inserted to fit to the long 

TRISTAN straight section which is necessary for e e" collider, and they 

are not required for the spin motion. Therefore ± 60 m straight section 

is enough for longitudinal polarization. Moreover, it can be shortened 

to + 40 m since BV5 and BV6 are necessary only to reduce the level 

difference between the neighbouring arcs. 
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Fitting of the constraints were done by using computer code MAGIC ' 

with some modifications to incorporate the fitting of Eq. (6). Calculation 

of polarization was done by the program SLIMD^. 

As a result we got the polarization of about 87 % at 20.05 GeV 

which corresponds to a spin tune of 45.50. Since the depolarization 

described by Eq. (1) is estimated to be 5.0 % for all four insertions, 

one can see that the depolarization due to spin-orbit coupling is quite 

small as expected. 

Polarization around 20 GeV is shown in Fig. 4. Plotted by dashed 

line is the case in which the strengths of matching region quads are 

fixed to those at 20.05 GeV, and full line shows the case in which they 

satisfy Eq. (6) at 20.235 GEV corresponding to a y„-side band resonance. 

Differences of these lines at 20.05 GeV and around the resonance indicate 

the contribution of the deviation from the condition (6). In particular 

the width of the resonance is quite narrow in the full-line case. 

Imposing the condition (6) at each energy, if one wishes, one can get a 

high degree of polarization everywhere. 

Above stated design can be optimized further, for instance, to 

reduce the beam size in the snake region, to reduce the level difference 

in arcs etc, but a more important problem to be investigated seems to be 

the depolarization due to magnet errors because small errors of optics 

may destroy the conditions and cause depolarization. 
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Figure Captions 

Fig. 1 Sketch of a spin-rotating insertion. 

Fig. 2 Schematic view of the electron ring for TRISTAN e-p collision. 

Arrows indicate the direction of spin at each position. 

Fig. 3 Layout of the experimental insertion. Side view. 

Fig. 4 Resulting polarization around 20 GeV. 
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Fig. 1 Spin Rotating Insertion 

Fig. 2 Schematic View of the TRISTAN 

Electron Ring 
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Fig. 4 Polarization vs. Energy 


