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Introduction 

With the advent of high currenr (,6-12 PA) and high 
polarization (7570) proton sources, It became attrac- 
tive to consider the acceleration of polarized protons 
to high energy (12 GeV). Such a source has been pro- 
cured and a second preaccelerator with a beam trans- 
port line to the 50-MeV linac has been installed. A 
description of this ;ystem will appear in the confer- 
ence proceedings. Since acceleration of polarized 
protons to 50 MeV has been previou;ly accomplished 
at the Rutherford Laboratory linac, we will not go 
into this topic in the present paper. We will concen- 
trate on explaining those factors which make the ZGS 
an excpllant accelerator for minimizing the depolar- 
ization of an accelerating beam of polarized pro- 
tons. 

to 12 CeV/c in the ZGS, calcula- 
show that there are ten major depolarizing 

resonances. As suggested by D. Cohen, 5 pulsed quad- 
rupoles can be used to provide rapid tune shifts to 
avoid depolarization. Such a system has been designed 
and constructed for the Z,GS and is described in the 
conference proceed:Egs. b 

In Section I, we describe the relevant ZGS param- 
eters and the corrections required to minimize depo- 
larization. In Section II, we describe the procedure 
to be used to measure the polarization of the extracted 
beam. 

Section I: 
The ZGS as an Accelerator of Polarized Protons 

i‘Je will first list the features of the ZGS which 
contribute to reasonably small depolarization effects 
and then show how they qcantitativcly enter into the 
rransition probability of depolarization. 

1. The ZCS is an essentially weak focussing zero 
gr,adient machine. This assures us that the gradient 
is smsli enough so that the ciicct of interactions be- 
isvvcen the gradjent and the magnetic moment oi the 
particle on orbit can be neglcctccl. 

2. The ch,inge in vertical tunt* a\, as a function of 
Y 

radiIIs 1s less than 0. 01 nt ~11 fields and indeed has 
llecn made AS .~mall as 0. 001. This rriults in a small 
nor% near depolsrii;ation. 

: . The ~~sluc of the vertical tune I, is les s than one 
Li II <i , a:; me :,hall see, this Y (,nters4;r; o ‘hc transition 
probsbllit~; ,x5 ‘I-r:ip [-constant ‘ii ) 

Y -; 
Thns, fhc rcf- 

ililting probability [or spir. flipping 1s small. 
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: T.~ork ncrior~ed llndcr the .LUS~:CC~:: of the X. S. 

,21on:1c En1:r7y C.~n:misslon. 

The motion of the spin in the rest frame of the 
particle is given by 

d: -= As-’ 
dt’ 2m 

sxA> , 
Y 

(1) 

where 

g = 5. 58536 ; t’ = proper time ; and 

1 
<B > = - 

s 
B dz 

Y 
4 

dz Y 

is the average guide field in the laboratory frame. 
Clearly, the precession caused by the vertical field 
does not affect the axial polarization. Since the octant 
field gradient is very small, the only depolarization 
effects come from the horizontal field components at 
the magnet edges. Since the particles have a vertical 
betatron motion, they will experience rotating horizon- 
tal field components in crossing the magnet edges. 
These can contribute large depolarizing effects if their 
angular frequency is equal to the precession frequency. 

In the laboratory frame, the horizontal compo- 
nents at the location of the particle are the x (radial) 
and z (longitudinal) components which can be written in 
the form 

EB E2B 
xyt.. . . 
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For the ZGS it is a good approslmation to assume that 
the betatr”!? osc~ll.at;cn ‘5 s!nl.??r;d?l 

y = Aron (*,:vO t ro) 
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In the laboratory frame, the average angular velocity where 

of the particle is given by the cyclotron frequency 

dO ecBy’ -= 
dt my 

. 
g(t) == s sb + dt 

-t* 

Using this and going to the particle rest frame and 
adding the Thomas precession term, we obtain 

m 

and 

A = 6 (up-wk) at up = ok . 

yA b = 2 
x c 

akLa?rl: t’ 
k 

k=O 

m 
b =$ 

z c bk sir tuk t’ 

k=O 

(3) 

where 

e<B > 
wk = (ktiyt y) y 

and t’ is the proper time. From (l), the precession 
frequency is 

g 
e<By> 

OP - 2 
v- 

111 

and the resonance condition is Fiven by ,I, =K k’ 
so that 

P 

ii 
2 y = kivyw t %, 

0 * 

The quantity r is given by 

b+ 
r =- =* (ak+>) . 

Y “By’ 
Y 

(5) 

We can now show how the values of these machine 
parameters lead to a small transition probability. 

The ZGS has four long straight sections and four 
short straight sections. Since the fields in the octants 
are uniform, we have only the horizontal components 
of the magnetic field at the edges. The edge angles 
are different for the long and short straight sections 
and for the short straight sections have a small energy 
dependence. Similarly, the length of the short straight 
section is slightly energy dependent. We characterize 
the edge angles by tLand “S and the straight section 

lengths by the 1 angles OL 
i 

and 6 
S’ 

Let n be a -ector 

normal tc the edge and we then have 
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--I = !!L ‘: < 

Fx In 
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125 Cn *’ 5 
Equation (1’l can be written in terns of rotating fields 
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This then gives 

2v 2< B > sir 6L’:ykBLfsin 8S:g:kOS r 

ak = R Sk rL t sib Es 

2,> 
2 

<I3 > -a?6 
b =- 

LCin kCiLt :c? ~Ssln kBS 

ii R sin F 
L 

i- sin F 
S 

From Eq. (5) xc;e tE.us see that r is proport:onal to v 
2 

Y’ 

In the following table we then show the values of 
the above terms fcr the ZGS. In most cases we note 
chat the facx <ha:: lh? straight sections have different 
lengths leadi to s=l~llzr v.Jues of aI< and b 

k 
and hence 

of r and P 
1 i’ 
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Tbere is thus a depolarization of about 270 from 
the resonances. There is also a small probability of 
spin flip when off of resonance, and calculations show 
this to be about 4:: during the acceleration cycle. We 
additionally expect about 3?0 depolarization between the 
source and the ZGS and about 170 from the ZGS to the 
experimenters. We anticipate then a net polarization 

of 65% in our extracted beam of about 109 protons per 

pulse. We feel that the effects of magnet errors and/or 
misalignments will be smaller than the major contri- 
butions that we have considered. 

Section II: 
Extraction and Measurement of Polarization 

In order to tune throcgh the depolarizing reso- 
nances, we must be able to extract beam before and 
after the resonaxe and tc measure the amount of po- 
larization. When a measurable depolarization occurs, 
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appreciable polarizations exist at all measured ener- 
gies up to 17. 5 GeV. 

We should point out another interesting possibility. 
The source can also produce polarized deuterons. 
These can also be accel.erated and extracted. The 
deuterons can then be passed through a stripper. The 
proton could then go through the polarimeter while the 
polarized neutrons, whose energy is well determined, 
would then provide a monoenergetic polarized neutron 
beam tar high energy experimentation. 

At the present time, there are four approved ex- 
periments and three proposals or letters of intent to 
use these facilities. These experiments propose in- 
vestigating the following topics: 

1. Measurement of total and differential elastic 
cross sections with the initial spin states parallel and 
antiparallel. This uses the polarized beam and a po- 
larized target. 

2. Measurement of the polarization of /i’s produced 
by a polarized proton beam This could lead to high 
intensity polarized hyperon beams. 

3. Measurement of inclusive cross sections for both 
charged and neutral final states. 

4. Study of resonance production in PP and PN inter- 
actions. 

5. Study of parity violations in proton scattering pro- 
cesses. 

6. Stuciy of interactions of polarized protons in the 
1 Z-it bubble chamber. 

7. Polarization in proton neutron elastic scattering. 
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