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Introduction 

Starting in 192.5 with Uhlenbeck and Goudsmit’s 
postulate that the electrons had a certain intrinsic 
“spin” to explain the fine structure observed in the 
spectra of some elements, spin has been found to play 
an important role in the interactions of elementary 
particles at all energy levels from atomic physics to 
nuclear physics to high energy physics. Experimental 
investigations in the more energetic regions of 
nuclear and particle physics usually involve the use 
of high velocity particle beams and targets. If spin 
effects are to be investigated, either the beam or tar- 
get or both must be prepared in some known spin 
state; I. e., one needs a polarized target, or polarized 
beam, or both. The preparation of a primary polar- 
:zed ion beam generally requires a source of polar- 
lzed ions, a means of accelerating them to the 
required er,ergy without depolarization, and a means 
of monitoring the degree of polarization. This article 
will describe the basic accelerator physics and equip- 
ment problems associated with the production of a 
high energy polarized beam. Specifically, the article 
.*lll discuss: (1) the basic operating principies of 
polarized proton ion sources, their present state of 
development, and what the near future might hold; 
12) the problems of depolarizing resonances in syn- 
chrotrozs, and the present ideas on how to reduce 
their effect; (3) techniques for monrtoring the polar- 
ization of the beam at various points along the accel- 
eration process; (4) some of the operational problems 
associated with polarized beam running; and (5) the 
status of the high energy polarized proton beam pro- 
grams at laboratories around the world. 

Polarized Proton Ion Sources 

Two basic types of polarized proton sources 
have been developed to the point of beirg useful in 
accelerator work: the atomic beam source, the devel- 
0pmer.t of which was initiated by Clausnitzer, 
F leishmann, and Schopper’ in 1956; and the Lamb- 
shift source, first proposed by Zavolskii’ In 1957. 
Both of these sources have been developed by nuclear 
physicists primarily for Van de Graaff dppllcatlons, 
although several have been used or dre in use on low 
cne rgy c yclotr0r.s dnd linacs. 3 In the ldst few years, 
efforts have been underway to addpt these sources to 
higher ~:nergy cyclotrons, linacs, and synchrotrons. 

The Lamb-shift source uses the hypcrfine struc- 
ture of the ilrst excited state of hydrogen and the 
Lamb-shift to produce polarized protons. Presently, 
opcrdyional Ldmb-shift sources have output currents 
in the 0. 1 to 0. 5 i;A range, which is not high enough 
tcj be of Interest for synchrotron applications, even 

: X’ork supp,>rtrd by the c. S. Energy Rescdrch and 
I>L:velopment Administration. 

with the gains associated with negative ion injection. 
The operating principles of this source will therefore 
not be discussed here. 

The atomic beam source takes advantage of the 
hyperfine structure in atomic hydrogen in the ground 
state to produce a polarized proton beam. Figure 1 
shows the energy separation of these four states as a 
function of magnetic field. Figure 2 is a schematic of 
the Argonne National Laboratory (ANL) atomic beam 
source, which is characteristic of most atomic beam 
sources. Atomic hydrogen is produced by the disso- 
lation of molecular hydrogen using an electrodeless 
discharge operating in the range of 20 MHz. The dis- 
sociator tube is most commonly made of Pyrex, with 
a single 2-4 mm diameter nozzle. The important 
consideration 1s to have a tube which allows minimum 
recombination of the atomic hydrogen on the tube walls 
and a nozzle which produces a bright beam for match- 
ing into the separation magnet. The atomic beam is 
formed by the dissociated gas in the tube expanding 
through the nozzle into the vacuum system. Smce 
this is a very low energy beam (“300°K) the vacuum 
must be as high as possible to keep beam losses due 
to gas scattering at a minimum. To accomplish this 
in the face of a large gas flow from the dissociator 
tube i-30 atmospheric cm3 1 , min for the ANL source 
operating in the dc mode) the atomic beam stage 
vacuum vessel is differentially pumped by high speed 
oil diffusion pumps. As shown in Figure 2, the ANL 
source is divided into four sections with two pumps on 
the first section and one edch on the others. The 
first section normally operates at about 6 x 10e5 Tort-, 
while the last section is at about 10m6 Torr. 

The atomic beam produced by the dissociator is 
matched into a high gradient magnetic field, usually a 
sextupole field. The field of the sextupole lies in a 
plane perpendicular to its axis and has a value 

B = B. (riro) 
2 

(1) 

where B, is the field strength at the pole tip at a 
radius of ro. [Jpon entering this sextupole field, thr 
hydrogen atoms align themselves with the field lines 
and experience a radial force because of their mag- 
netic moments, i. e., 
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From Fig. 3, it 1s seen that states 1 and .? have mag- 
netic moments of equal magnitude, but opposite signs 
to states 3 and 4 in the strong field of the sextupole. 
States 1 and 2, therefore, experience a convergent 
radial force, while states 3 dnd 4 are deflected out of 

the beam. The beam leaving th e sextupole is cs~en- 
tially 10O’i’~ pularizcd in electron spin, but unpolarizec 
in proton splr. The prmlary design considerations 
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for the sextupole are to give it the maximum accep- 
tance and to locate it close enough to the dissociator 
tube to allow maximum filling of its acceptance. The 
sextupole acceptance is proportional to B,/T where 
T is the temperature of the gas. 

Just downstream of the sextupole, the beam 
enters the RF trarsitlon section where state 2 is 
transformed into state 1, or state 1 into state 3, 
using the so-called adiakatic passage method of 
Abragam and Winter. ’ Both transitions consist of 
a static magnetic field perpendicular to the beam 
directton and having a linear taper of about 10 G over 
their 3-3 cm extent. The 2 ~4 transition has a rotat- 
ing field of srl G perpendicular to the beam direction, 
while the 1 -3 transition RF magnetic field is paral- 
lel to the beam direction. With a mean static field of 
150 G, the 2-3 transition operates at a frequency of 
1500 LIHz. The 1 + 3 transition static field has a 
mean value of 10 G and a frequency of 15 IMHz. 

Emerging from the transition region, the beam 
is now unpolarized in electron spin and essentially 
1007” polarized in proton spin, with the sign being 
determined by which RF transition was used. The 
beam now passes into a strong field ionizer where the 
electron is removed to form an ion beam. The 
icniL,er consists of a solenoid magnet with an electron 
gun mounted in the upstream end and extraction 
optics at the other. Electrons emitted by the gun 
travel helical paths along the solenoid and are mir- 
rored by the retarding potentials at each end of the 
magnet. This allows a space charge limited electron 
current in the solenoid channel with a low emission 
,gLln. AS the atoms drift along the solenoid, there is 
a small ( < 1’7i probability that it will be ionized and 
cstracted. The entire ionizer is elevated to 10 to 
20 k\’ to extract the positive ions produced. The 
solenoidal field is about 2 kC, which is strong enough 
to cause the 1 and 4 states to align themselves with 
the field to produce ore spin state, or cause 2 and 3 
to altgn themselves to produce the other spin state. 

It 1s very important to maintain the vacuum in 
the ionizer as high as possible, since any ions pro- 
duced K the ionizer will be extracted. Hydrogen- 
bearing compounds are a particular problem since 
they may dissociate upon ionization and produce unpo- 
ldrizetl protons xvhich will dilute the polarization of 
the beam. 

The beam exiting the ionizer is longitudinally 
polariAcd. Other spin states arc produced by passing 
the beam through appropriate sp:n :>reci-ssing 
devices. .I t AI\!L, rotation of thr spin into the verti- 
cal plane is acconiplishcd by bendin? the bt:am 90” in 
the vcrttcal plane wtth an electrostatic mirror. 

Atomic beam sources developed to date for tic 
accelerator appllcntians produce bt.ams up to about 
10 &A oi E-I- beam, or LOO- 100 ni\ of I-I- ions if d 
charge exchange stage is added. l’olat-i~atlons of ‘i?!;, 
arc’ typical for these bourc<.‘s, \\,tth ll,i,ut half of the 
polarization loss due to unpolarized background from 
Iht: loni/.csr and half due to the sestupole allo\\fing 
somi~ lcakngc of the unwanted states. ‘[‘he :\YL 
source was designed ‘ind built by the I~uckl~~:~tl 

Nuclear Accessory Company, Ltd. (ANACC) of Auck- 
land, New Zealand. It is essentially a copy of their 
standard dc source which is used on the Texas A & M 
University cyclotron3 and the Rutgers University tan- 
dem. ’ In the two years the source has been at -ANL, 
some development work has been carried out to 
improve the performance of this source for synchro- 
tron applications. -’ The results of this limited effort 
have been rewarding to date. Pulsed beams of 30- 
40 I.LA with polarizations of SO?, have been achieved. 
It appears that if one started from the beginning to 
develop an atomic beam source for synchrotron appli- 
catlons, pulsed output currents in the 100-200 ~14 
range might be obtained. 8 CERN plans to undertake 
such a development program. 9 

For more detailed discussions of the operating 
principles of both types of polarized sources, the 
reader 1s referred to the articles by Haeberli 10 and 
Glavish3 and to the references listed in these articles. 

Acceleration 

The problem of accelerating polarized protons 
to high energies has been studied by a number of peo- 
pie. 11, 12 These studies show that there are a series 
of depolarizing resonances, some of which are very 
strong, that must be overcome if high energy polar- 
ized beams are to be obtained. These resonances 
occur when the horizontal magnetic field, which 
appears as an alternating field in the rest frame of the 
proton, has a frequency component equal to the pre- 
cessional frequency of the proton. There are two 
sources of such fields; one of which is intrinsic to the 
machine, the other due to imperfections. Particles 
traveling on the median plane experience only a verti- 
cal field, which has no effect on the polarization; 
assuming of course that the beam is vertically polar- 
ized. If there are imperfections such as nxignet mis- 
alignments, horizontal fields ~111 be experienced. 
Particles having finite vertical betatron oscillation 
amplitudes experience horizontal fields in any 
machine, since such fields are necessary for beam 
stability. The location of these resonances 1s given 
by the expressions 

‘,, = ink f \.I ),‘& - 1: -1 intrinsic 
Y ‘2 ( 3 
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Y = tn f vp2 g - 1) -field Rratlient imperfc~ctions ( .5 ! 

whert, g 5. 5x5, k 15 thi, s<.ct.ur nulnbcr or 9asic 
periodicity of the machin<,, c). 1s the vt,rtic.ii lun<. 
nu:?:bt~r and L? 0, 1, i.... i’hc str(,nsrth of :ntrin- 
SIC resonances is qivcn by the equation 12 
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where B y is the guide field strength and b, is the rest 
frame amplitude of the nth Fourier component of the 
horizontal field rotating-in the precessional direction, 
and m is the rest mass of the proton, b, is dependent 
on the amplitude of the vertical betatron cscillation 

and the quantities aBy 
8 X 

and 5 
a2 * 

The transition 

probability for the imperfection resonances follow a 
similar expression, except that b, is dependent only 
upon the magnitude of the error and sn is independent 
of vy for the vertical closed orbit imperfection 
resonances. 

From Eq. (6) It can be seen that two possibili- 
ties exist for safe passage through these resonances; 
i. e., make the exponent small so that t-0, or make it 
very large so that t-1. The first results innegligible 
depolarization, and the second results in complete 
spin flip. Making the exponent small requires making 

bn small and/or making X, the speed at which the 
resonance is crossed, large. b, is the only control- 
lable parameter for the vertical closed orbit imperfec- 
tion resonances. Making it negligibly small means 
removing the imperfection, which clearly has limited 
possibilities. The other approach, i. e., making it 
large, may prove to be a workable technrque. b, is 
essentially uncontrollable for the intrinsic resonances 
since it is a function of the magnet structure and the 
vertical betatron amplitudes. The amplitude can he 
controlled to some extent, but only at the expense of 
acceptance for the machine. Xis the only term which 
can be varied to any extent. To better see the func- 
tional dependence of X, we carry out the differentia- 
tion in Ea. (91 to obtain 

t 1 
2 

Pp 
h. = & - L ig-L! 

yg 2 
Lvi6w 1 1 Y / 11) 

where A w 
Y 

1s the vertical betatron tune change per 
turn and A v 1s The change in ‘1 per turn. Normally, 
i!wy 0. Ii a large enough C “y of the proper sign is 
introduced, !, can be made large enough to make the 
ex;lonent Lrl Ey. (h) small enough :a make t-0. ‘Shi s 
LS us lally referred to a5 tune jumping;. it is also pos- 
sible to use a smaller A Vy of the oppcsite sign or 
rt,riuce L ‘i to produce a vr.ry small ? and, thrr(:fort:, 

produce a t 1 (spin flop) situation. It must be 
ren~rmb~~:~c~c! here, hoxvevcr, that b, 1s dcp<~ndznt upon 
the hetatron amplitude; therefore, for some particles 
r 0 and it \vill not be possible to have t 1 for all 
amplitudes. At the %(:ro Gradic:nt Synchrotron (7,GS) 
-ut’ 1;se the tund ~;1rnpwg approach, r-playing two 
~~uls~t~i quacirup~~lcs capable of producing LL tuile shift 
of 0.02 l,r. 10 9%. I‘igure 4 shows a plot of beam 
polar:idtlon versus momentum with anti without the 
pulse qudtcrupolcs. Due to budget limtt~~tions, we 
have not yc,: trier; to carry the bt,a.ni ,~bov(: 8. 5 CC’<, c. 
Figure 5 shows that spin flipping can br Lnt1uct.d. 
Ihis 1.5 ‘1 plot of tht: bc~airn polar:xdtion versus the 

timi dt \\hich the quadrupole is pulsxl at one cf the 

stronger resonances in the ZGS. When the pulse is 
too early, the resonance occurs on the decay of the 
quadrupole pulse, which is approximately linear in 
time. On the decay, 0 vy is much smaller than on the 
rise and has the wrong sign for this resonance. For 
this particular resonance, this is sufficient to pro- 
duce the spin ilip condition for a significant fraction 
of the betatron amplitudes. 

Polarimeter 

Beam polarization. is a very important, yet diffi- 
cult, quantity to measure. Unlike intensity or beam 
posltion or structure, beam polarization can change 
with no effects on any normal synchrotron diagnostic 
and monitoring equipment. Since the beam polariza- 
tion can be lost either in the source or in the synchro- 
tron, it is desirable to be able to separate these two 
by monitoring the polarization between the source and 
machine and, of course, after acceleration. 

The polarization can be monitored by looking at 
the left-right asymmetry in the particles emitted in a 
reaction which exhibits a reasonable polarization ana- 
lyzing power; i. e., reactions which have a reasonably 
large asymmetry parameter, A, which is defined as 

4 = jNL - %I 

(“L + 5%) 
(121 

where NB and NT are the number of particles emitted 
to the right and left, respectively, when the incident 
beam is polarized. At typical preaccelerdtor ener- 
gies; i.e., 0. 5 to 1 IMeV, the reaction 

L.b L 
3 4 

1 
p -+ He + He has a usable A value and reason- 

able cross section. At 750kelY and l?O”, A 2 0.5. 13 

This reaction has the added feature that the He3 ions 
are emitted with a well-defined energy of several 
me aelectronvolts. 

F 
This makes it easy to detect the 

He ions in the large background of elastically scat- 
tered protons. In the anjector linac energy range, 
proton-carbon elastic scattermg 1s a very convenient 
reaction. 
tion. “* l5 

At 50 MeV and 60”, A = 0. 85 for this reac- 
Protons from the first excited state of 

carbon and the other background radiation found at the 
high energy end of a linac are easily rejected using 
time-of-flight and coincidence counting techniques. 

At the ZGS, poiarimeters have been built using 
bot’n of these reactions. The 50 MeV carbon polarim- 
eter works extremely well and trouble free. It is 
ubed to continuously monitor the polarization of the 

50 LclcV beam. The carbon target is a 0. 5 mm wide, 
0. OH g/cm2 thick filament mounted in the beam line. 
3e:ng so smdll, it intrrc4-pts only a few percent of 
the bcdm. 

I’he 750 keV polnr1mett.r h&s never btyen made 
CJp'~~dlil~Ildl. due to A l‘rck of effort plus the! fact it :s 
not really necdcd with iho 50 IzlcV polarimeter work- 
IrlC 5” well. 

Polariz.iilon me~~surements at high energy are 
t-o,,r~ difficult. The only ~ppC~rent way is to ‘JSC: pp 
,:lri:>tic sc.ittc:ring as the analyzing reaction. Unfortu 
nat<,Ly, this re,lction has the limitatlvns of LL small 



cross section and small asymmetry parameter, plus 
the complications and expense of a typical high energy 
physics setup. Figure 6 shows the measured proton 
asymmetry parameter between 3 and 17 GeV/c. l6 
The uncertainty in these data also presents a problem 
since they limit the accuracy of the polarization mea- 
surement. In order to isolate elastic events at the 
desired angle, two double-arm spectrometers are 
required, one looiing left and the other right. The 
ANL polarimeter is shown in Figure 7. With the full 
intensity of the ZGS polarized beam on target, it 
takes about 39 min to make a measurement to the 5% 
statistical level at 6 GeV/c. 

A good estimate of the polarization and the 
rapid detection of a significant change in polarization 
can be obtained with a much simpler setup which looks 
only at the low energy recoil protons in pp scattering 
with a much larger acceptance than is practical in a 
magr,etic spectrometer. Since this is an uncon- 
strained measurement, there is a very large back- 
ground, but an asymmetry can still be detected. This 
background will be constant, so this polarimeter can 
be calibrated against the regular polarimeter and 
used as a monitor. A device like this consisting of a 
pair of three counter-coincidence telescopes viewing 
a small polyethylene target mounted in the beam just 
as it 1s extracted from the ZGS, is used at ANL to 
monitor the beam for polarization stabiltty. It is 
periodically calibrated against the other high energy 
polarimeter. 

Special Operating Problems and Features 

The timing of the resonance jumping quadrupole 
pulses amust be set empirically each time the magnet 
program is changed. The relative locations of the 
resonances can be calculated reasonably accurately; 
however, the location of one must be found experi- 
mentally and the location of the others checked for 
each new program. Locating the resonances requires 
making plots of the beam polarization versus quadru- 
pole time. 

At ANL we have found that pulse-to-pulse flip- 
ping of the beam polarization is almost mandatory. 
This feature was not originally included in the ;\.SL 
system; however, once added, the users will accept 
nothing else. The rapid spin flipping feature requires 
the distributior. of signals to the experimenters to 
indicate the spin direction of the next pulse. This 
means the source must be signalled to change polari- 
zation each pulse and then be interrogated each pulse 
to determine which RF transition is on. 

.?nother problem is the tlistribuiion of adequate 
polari&dtion .:iioririatiun to the users. ,\t AX:_, fif- 
teen minute averages of the three polarimeter read- 
ings arc logged by the Xl&in Control Room computer 
and distrtbuted to the users on a regular basis. This 
allcus th<d users to d<~ter:nme the average magnltudc 
of the polarrzation in each state at any time of any 
day during the run. 

Schr:du?ir.g of the machine iluring pola rizrsrl 
b<~srn running 1s conb 1t1~ rably more involved tl1d.n fc r 
normal operations. During normal running, the 

users can usually adjust the momentum of their sec- 
ondary beams without affecting anyone else. That is 
not possible with polarized protons, however, since 
everyone uses the primary beam. In one 30-day run 
in 1974, the ZGS beam energy was changed seven 
times to meet the full needs of the program. 

With polarized proton sources operating in the 
lo-50 ~~4 range, the accelerated beam intensities are 
down 3 to 4 orders of magnitude from normal. This 
means the gains of beam intensity dependent systems 
must be increased. 

Program Plans 

ANL-ZGS 

At the present time, AKL has the only polarized 
proton facility operating above several hundred MeV. 
The ANL facility has been operational since June lo73 
and has been used a total of five months for physics. 
The beam intensity is presently l-2 x lo9 protons/ 
pulse with a polarization of 6 GeV/c of about 70:&. A 
peak momectum of 8.5 GeV/c has been reached, but 
all of the production running has been between 1 and 
b GeV/c. Full energy (12 GeV/c) running is presently 
scheduled for late 1975 or 1976. Improvement efforts 
presently underway should allow accelerated beam 

9 intensities of 5 to 10 x 10 protons/pulse later in 1475. 

Saclay-Saturne 

Saclay is scheduled to have a polarized proton 
and deuteron facility operational in the spring of 
1975. ” The Saturne source is an atomic beam 
source with the atomic beam stage located at grounc! 
potential and the ionizer at the preaccelerator poten- 
ial of 375 kV. (They will operate the linac in the 7p>. 
mode.) As of October 1974, their source was produc- 
ing about 1 PA of beam above source background, but 
efforts were underway to improve this situation. 
There is only one depolarizing resonance in Saturne, 
so polarized proton acceleration should not be diffi- 
cult. Their main interest at this time is in high 
energy polarized deuterons. 

CERK-PS 

On January 29, 1975, a two-year polarized pro- 
ton team design study was approved at CERK for the 
PS. ’ They plan a collaborative effort with the 
;?uckland Nuclear Accessor y Company to develop a 
1Ori to 200 FA atomic beam source. .j 100 PA sp;rce 
is expected to produce a circulating beam of 113 p’“- 
tons in the P.S. They have at least six strong intrinsic 
resonances which could be jumped using pulsed quad- 
rupo!es similar to those used tc j,ump through transi- 
tion. Careful magnet alignment should reduce most of 
the closed orbit imperfection rcsondncos to dn .icccpt- 
ablca 1evc.l. The others could perhaps be rcduccd by 
using correction magnets. The iclc‘l of spin fl:pping is 
also under study. If a polarized b(.Lim is dc~vr,lopr~d &it 
the PS, the source uiill be mounted on their nld 
50 hicaL’ lmac ithc new one will be complrtcd in 1’!7H). 
This will .lllow the PS to provide high intensity pul<css 
to the SPS dncl pol~rizcrl h<,dm to the PS users ~z.fi 
alternate pulses. .\t 1010 protons/pulse from the P’S, 
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ISR luminosities could be obtained which would allow 
some polarized beam physics. 

TRIUMF 

TRIUMF is scheduled to havF8an operational 
polarized proton beam in late 1975. They have 
already developed a 300 nA 80% polarization Lamb- 
shift source and are presently constructing a 300 kV 
preaccelerator for it. The 300 nA s0urce should pro- 
duce a dc current of s0me 10’s of nA at energies up 
to 500 MeV. 

Indiana Universitv Cyclotron Facility (IUCF) 

A polarized proton capability is planned for the 
IUCF, but has at this time not been scheduled. l9 The 
present best guess is that it may be available by 1977. 
Since this is a positive ion machine, an atomic beam 
source similar to the ANAC dc source will probably 
be used. A source such as this can be expected to 
produce at least 10 PA. 

LASL-LAMPF 

The 800 MeV linac at LASL is scheduled to have 
a polarized proton beam capability by mid- 1976. ” 
They are presently involved in the design of a Lamb- 
shift source using the design of the LASI. tandem 
source as a starting point. The current design goal 
is I 11-4, which is a factor of two above the tandem 
source capability. The source will be mounted in a 
750 kV preaccelerator, the construction of which will 
be completed in the fall of 1975. With a 1 +A beam 
from the source, the high energy average current 
should be 15 to 30 nA. The system will include a 
spin precessor so that all spin orientations can be 
supplied. The source will also have a rapid(l-2 kHz) 
spin reversal capability, which should prove to be 
quite valuable to certain types of experiments. 

Schweizerisches Institute f;r Nuklearforschung (SIN) 

A polarized proton be?’ is being developed for 
the 600 LfeV SIN cyclotron. At this time, they have 
an operaticjnal atomic beam-type source producing 
- 1 1.~. They have succcssiully accelerated the beam 
to 30 IMeV in the injector and plan to have full energy 
beam later this year. The design goal is 30-50 nA 
at full energy. 

National Laboratory for High Energy Physics tKEK) 

t1 202l;arized beam is planned for the KEK syn- 
chrotron. A source type selection has not been 
made yet, but serious consideration is being given to 
t‘he Lamb-shift source to take advantage of the mten- 
aity gains of negative ion injection. 

Other Laboratories 

B rookhaven National Laboratory and Lawrence 
Berkeley L.aboratory have carried out some theoreti- 
cal studies of the problems of polarized proton acccl- 
eration in the ACS and Bevatron, respectively. 
However, neither laboratory h&s any plans for devel- 
oping such beams at this time. Likewise, there 

appears to be no plans for high energy pclarized 
beams in the Soviet Union. 23 

Summa r y’ 

The acceleration of polarized protons to high 
energy requires the solution of a unique set ofmachine 
and equipment problems. None the less, adequate 
solutions do exist--at least for some machines. As 
measured by the world-wide effort to develop polar- 
ized beam facilities, it appears that the physics inter- 
est in polarization is substantial. In the next two 
years, a number of beams in the 0. 1 to 3 GeV range 
will be available for research. Energies in the 3 to 
12 GeV range will continue to be available only at the 
ZGS. If CERN elects to develop a polarized beam as 
a result of their two-year study, a second high energy 
beam could perhaps be available in 1978. 
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Fig. 5. Beam polarization verus quadrupole timing. 
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