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ABSTRACT 

Depolarization of the polarized proton beam accel­
erated in the 500 MeV booster was investigated as the 
first step of polarized proton acceleration in the KEK 
proton synchrotron. Beam polarization was measured in 
the 20 MeV beam transport line from the linac to the 
booster and in the main ring at the injection energy of 
500 MeV. About 40 % of the linac beam polarization was 
kept in the main ring. This acceleration test en­
couraged us to proceed with this acceleration program. 

INTRODUCTION 

The project of polarized proton acceleration in 
the KEK 12 GeV proton synchrotron (PS) began in the 
fiscal year 1980. After the constructions of 750 keV 
pre-accelerator and the 750 keV beam transport line for 
the polarized H- beam, the first acceleration test was 
performed in 1983 and depolarization in i:he 500 MeV 
booster synchrotron was investigated as the first step 
of this program. 

The polarized H- beam is produced in the high 
current polarized H- ion source by a charge-exchange 
reactioy with Na vapor whic~ is optically pumped by dye 
lasers 1 • The polarized H beam is converted to the 
polarized proton beam in the booster by a charge­
exchange injection through a thin carbon target of 120 
~g/cm2 for the electron stripping. The polarized pro­
ton beam is accelerated up to 500 MeV in the booster 
and then injected into the main ring. 

Polarization of the polarized proton beam depolar­
izes during acceleration in the synchrotron by crossing 
depolarizing resonances. In the 500 MeV booster of the 
KEK PS, two strong depolarizing resonances must be 
crossed during acceleration from 20 MeV to 500 MeV. It 
is difficult to measure the depolarization of each de­
polarizing resonance independetly in the booster be­
cause the booster is a rapid cycling synchrotron of 20 
Hz and the accelerated beam is sharply bunched (several 
tens nsec). Thus beam polarization was measured at 20 
MeV in the beam line from the linac to the booster and 
at 500 MeV in the main ring by using the coasting bea~ 
for the investigation of depolarization in the booster. 
One of two strong depolarizing resonances in the boost­
er is imperfection resonance due to vertical closed 
orbit distortion (COD) and the other is intrisic reso­
nance due to vertical betatron oscillation. Thus each 
resonance can be investigated by varying vertical COD 
or vertical beam size in the measurement of depolariza­
tion during acceleration. For this purpose the fast 
rotary beam scraper which reduces the vertical bea'f 
size to any size at any energy during acceleration2 
and the pulsed vertical deflection magnet which gene­
rates the maximum vertical COD of about 7 mm (rms) were 
installed in the booster. 

DEPOLARIZING RESONANCES IN THE BOOSTER 

Both the booster and the main ring of KEK PS are 
strong focusing synchrotrons and therefore strong 
depolarizing resonances are expected during accelera-
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tion ,) . Su.ch depolarizing resonances occur at the 
resonance conditions of yG = nN ± v for intrinsic res­
onance and yG = n for imperfectionzresonance. Where y 
is Lorentz factor, v is vertical betatron oscillation 
frequency, N is the ~uperperiodicity of the machine, n 
is an integer and G g/2-1. The polarization of the 
bea'f after crossing a depolarizing resonance is given 
by'+ 

where Po is the initial polarization before crossing 
the resonance, E is the resonance strength and ~ is the 
crossing speed for the resonance. 

~ = (yG ± v )/wo 
z 

(for intrinsic resonance) , 

(for imperfection resonance) 

wo is the revolution frequency of the circulating beam 
in the accelerator. The resonance· strength E is pro­
portional to the amplitude of vertical betatron oscil­
lation for intrinsic resonance and is proportional to 
vertical COD for imperfection resonance. Depolariza­
tion is small for small E2 /~ as in the case of weak 
resonance or rapid resonance crossing. On the other 
hand polarization flips for large E2 /~ , Therefore 
small depolarization is also expected by spin-flip in 
crossing the strong depolarizing resonance (P ~ - Po 
Ez/~ » l)sJ. ~ 

In the booster of KEK PS, two strong depolarizing 
resonances, one intrinsic re.sonance (yG = v ) at about 
260 MeV and one imperfection resonance (yG z2) at 108 
MeV, must be crossed during acceleration. Figure 1 
shows the calculated resonance strengths of strong de­
polarizing resonances. The maximum amplitude of verti­
cal betatron oscillation corresponding to the maximum 
vertical acceptance of 49 11 mm mrad ·at 20 MeV and adia­
batic damping of the betatron oscillation are assumed 
in this calculation. The strengh of intrinsic reso­
nance is so strong that the spin flips almost complete­
ly in passing through the resonance. The imperfection 
resonance is calculated for the vertical COD of 1 mm 
(rms) and 5 mm (rms), respectively. Large depolariza-
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Fig. 1 Strength of depolarizing 
resonance in the booster. 



tion is expected even if COD is·corrected to less than 
1 mm. On the other hand spin-flip seems to be feasible 
if COD is larger than 5 mm, 

POLARIMETERS 

Polarization of the polarized proton beam is 
measured at 20 MeV beam line and at the main ring. 
Polarization of the linac beam is measured by the 20 
MeV polarimeter which is placed in the scattering 
chamber of 655 mm in diameter installed in the 20 MeV 
beam line from the linac to the booster. The left­
right asymmetry of elastic scattering events at a 
laboratory angle of 90° from proton-carbon scattering 
is measured by using a carbon fiber target of 100 ~m in 
diameter. The detector consists of a pair of 1500 ~m 

surface barrier SSD's and a double slit with 5 mm dia­
meter hole as shown in Fig. 2. The distance between 
the target and SSD is 235 mm. 

SLIT ( Smm dia.l 
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Fig. 2 20 MeV polarimeter. 

BARRIER 

An internal polarimeter (the main ring polarime­
ter) is installed in the long stright section II-2F of 
the main ring to measure the absolute polarization of 
circulating beam. It consists of a polyethylene string 
target and the forward ·and backward scintillation 
counter telescopes. The polarization is measured from 
the asymmetry of proton-proton elastic scattering. 
Figure 3 is the schematic of the main ring polarimeter. 
The scattered events are detected by two forward tele­
scopes of 3 m in the maximum length and two backward 
telescopes of 55 em in the maximum length. The elastic 
event is identified by the coincidence of the forward 
scattered proton and the backward one. The detection 
angle and the distance between scintillators and the 
target are adjusted to measure the asymmetry at the 
momentum transfer oft=- 0.15 (GeV/c) 2 for the energy 
range from 500 MeV to 7 GeV. The coplanarity of scat­
tered and recoil protons is checked to separate the 
proton-proton elastic scattering from proton-carbon 
reactions in the polyethylene target. Two targets are 
mounted in the scattering chamber: one is a poly­
ethylene string of 150 ~m in diameter and the other is 
a carbon fiber of 220 ~m in equivalent diameter. Each 
target can be flipped into the beam independently. The 
carbon target is used for the subtraction pf the back­
ground events from the carbon in the polyethylene. 

The beam polarization was measured in the main 
ring with the coasting beam at 500 MeV. The coplanari­
ty measurement shows that the elastic events are 
clearly observed and the background rate is less than a 
few percents at 500 MeV. The beam polarization in the 
main ring is measured in a few minutes with the statis-. 
tical accuracy of < 2 %. The asymmetry of the polari­
meter measured by tti:e unpolarized beam is less than 0.2 
%. The detail~ of the main ring polarimeter is report­
ed elasewhere6J. 

SUMMARY AND RESULTS 

Depolarization in the booster synchrotron was 
studied as the first step of polarized proton 
acceleration in the KEK PS. The intensities of 
polarized proton beam at the various stages of the 
accelerator were 

ION SOURCE(H-t,750 keV) 5-10~A(pulse duration 75~sec), 
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Fig. 3 Main ring polarimeter. 
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Since the study was just after the summer long shut­
down, we had many troubles in the machine operation and 
the beam intensity after the linac was remarkably lower 
than expected one. 

The main purpose of the first acceleration test 
was to investigate depolarization in the booster. We 
have not installed any equipment to reduce the depolar­
ization in the booster because small depolarization by 
spin-flip is expected for two strong resonances. The 
polarizations of the polarized beam at 20 MeV and 500 
MeV were 

LINAC 
MR 

P(LINAC, 20 MeV) 
P(MR, 500 MeV) 

47 ± 6 - 56 ± 8 % 
12 ± 2 - 15 ± 2 % 

Thus about 25 % of the linac beam polarization was kept 
in the main ring. 

P(MR, 500 MeV)/P(LINAC, 20 MeV) ~ 25 % . 

In order to investigate the resonance strength, 
the dependences of the beam polarization on vertical 
beam size and on vertical COD in the booster were 
measured. Figure 4 is the dependence of the polariza­
tion on vertical beam size. Beam size was varied by 
using the fast rotary beam scraper which scraped the 
beam before crossing the intrinsic resonance yG = v . 
This result shows that spin is flipped by passifig 
through this resonance in the booster until the verti­
cal beam emittance decreases to about 1/100 of the 
usual one. Thus the strength of intrinsic spin reso­
nance is strong enough for the resonance crossing by 
spin-flip. If vertical beam size is blowed up to 1. 5 -
2 t.imes by the RF-knock out method or so, spin-flip 
becomes more complete near the .beam center. 

Figure 5 shows the measured.polarization vs. the 
excitation current of the vertical deflection magnet 
which produces vertical COD, When the excitation cur­
rent was negative, polarization was flipped by crossig 
the imperfection resonance. On the other hand polar­
ization was kept without spin-flip in passing through 
this resonance at the excitation current of 169 A. The 
measured polarizatio"n in the main ring is negative at 
this current because ·spin is flipped by intrinsic reso­
nance only. This result shows that the vertical COD in 
the booster is large enough to pass through imperfec­
tion resonance by spin-flip without the excitation of 
the vertical deflection magnet. At the excitation 
current of 169 A, depolarization is small since the 
second harmonic of the vertical COD is reduced by the 
deflection magnet. 



An important problem has been left. The measure­
ment shows that spin was almost completely flipped by 
two strong resonances (yG = 2, yG = v ) as expected 
from the calculation. What is the othe~ cause of de­
polarization in the booster ? We aimed to investigate 
the yG = 5 - v resonance at about 450 MeV due to the 
symmetry breaking of the machine. Toward the top 
energy the crossing speed for this resonance decreases 
since the magnet field of the booster varies sinusoid­
ally. Thus in order to increase the crossing speed for 
the yG = 5 - v resonance, the resonance energy was de­
creased by chafiging v with the excitation of a correc­
tion quadrupole magne1. Figure 6 shows the dependence 
of the polarization on the excitation of the correction 
quadrupole magnet. Polarization of about 1.5 times was 
obtained at the excitation current of 60 A. The cross­
ing speed for this resonance increases about 10 % at 
this current. Polarization in this figure is relative­
ly low because the Na vapor was trapped in the polar­
ized ion source by sudden stop of electric power with 
the earthquake. If we had no such happening, polariza­
tion would reach 20 - 25 %. This result shows that 
about 40 % of the linac beam polarization is kept in 
the main ring by this small change of vz. That is, 

P(MR, 500 MeV)/P(LINAC, 20 MeV) ~ 40 % . 
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Fig. 4 Dependence of beam polarization at 500 MeV 
on the vertical beam size in the booster. 
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Fig. 5 Dependence of beam polarization at 500 MeV 
on the excitation current of the vertical 
deflection magnet in the booster. 
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Fig. 6 Dependence of beam polarization on the 
excitation current of the correction 
quadrupole magnet. 

Depolarization by other weak spin resonances are 
not so large because the sextupole field, which was 
applied by a small correction sextupole magnet, was not 
effective for depolarization. It is expected that the 
weak resonance due to the symmetry breaking of the 
machine causes large depolarization. Such depolariza­
tion in the booster will be solved by tune jump using 
the pulsed quadrupole magnets which will be installed 
in 1984. 

ACKNOWLEDGEMENTS 

Authors wish to acknowledge Professors S. Suwa, T. 
Nishikawa, T. Kamei, S. Fukumoto and A. Mas a ike for 
their support to this work. Very helpful assistances 
of Mr. T. Kawakubo, Dr. J. Kishiro and Mr. H. Yamaguchi 
with the collaboration in prepeating this work and the 
staffs of KEK PS with the machine operation are grate­
fully acknowledged. Special thanks are due to Dr. T.K. 
Khoe and Mr. K. Yokoya for their discussions about 
depolarization in KEK PS and Dr. N. Tamura for his 
helpful suggestions for the design of the main ring 
polarimeter. 

REFERENCES 

1) Y. Mori et al., Nucl. Instrum. and Methods, 220 
(1984) 264; and Proc. of the 3rd Symp. on the 
Production and Neutralization of the Negative 
Hydrogen Ions and Beams, BNL, 1983 (KEK Preprint 
83-28, 1984). 

2) T. Toyama et al., Proc. of this symposium. 
3) S. Hiramatsu et al., KEK 83-28, 1984. 
4) M. Froissart et al.,Nucl. Instrum. and Methods, 

(1960) 297. 
E. Grorud et al., IEEE Trans. on Nucl. Sci. NS-26 
(1979) 3209. 
E.D. Courant et al., BNL Report, BNL 51270, 1980. 

5) E. Grorud et al., Proc. of the 5th Int. Symp. on 
High Energy Spin Physics, BNL, 1982 (AlP Conf. 
Proc., No.95, 1982, p.407). 

6) H. Sate et al., KEK 83-27, 1984. 


