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Abstract 

In order to accelerate high quality beams, high sta
bility of the magnetic field and the acceleration voltage 
are needed. The correlation between magnetic field and 
the temperature of the trim coils is found. to control 
the temperature of the cooling system for the magnetic 
system, the stability of the magnetic field is significantly 
improved. together with the highly stabilized RF sys
tem, high quality beam is accelerated stably for more 
than 180 hours without any adjustment of accelerator 
parameters. 

1 Introduction 

The RCNP ring cyclotron has been operated to 
serve various kind of high quality beams for the nu
clear physics experiments. An emphasis is placed on 
the design to accelerate high quality beams for precise 
experiments. In order to realize high beam energy res
olution and single turn extraction, a variable frequency 
flat-topping system is used[1]. Various efforts for im
proving the beam quality and the beam extraction effi
ciency have been done. The voltage fluctuations of the 
acceleration cavities are less than 10-4 . The RF phase 
drifts of the cavities are less than 0.1 o. The current sta
bility of the main coils are better than 4 X 10-6 for the 
injector cyclotron and the ring cyclotron. The stability 
of the trim coils are less than 1 X w-5 • For stability 
of the magnetic field, it is not sufficient to stabilize cur
rents of the magnet. With change in temperature of the 
magnet, the magnetic field is drifting. Recently the cor
relation between magnetic field and the temperature of 
the trim coils is found. It is shown that the effect of the 
room temperature and main coil temperature can be ef
fectively compensated with controlling the temperature 
of the cooling water for the trim coils. To control the 
temperature of the magnet, the field drift is suppressed 
below ±1 X 10-6 jweek. 

2 Flat-topping system 

The RF system consists of three single gap accel
eration cavities and a single gap flat-topping cavity to 
accelerate high quality beam. The frequency range of 
the acceleration cavities is 30,..,52MHz. The frequency 
region of the flat-topping system is 90,.,.156MHz, which 
corresponds to the third harmonic of the acceleration 
frequency. Fig. 1 shows an energy gain vs. rf phase with 
and without flat-topping. The width of the phase re
gion where~ v;v < w-4 is 1.62 ° without flat-topping. 
The phase region is expanded to 15.1° with the flat~ 
topping system, where flat-topping voltage is -1/9Vacc· 
As in Fig. 1 if the phase shifts 0.1° from optimum value, 

the energy gain increases 4 X 10-5 and the peak posi
tion shifts about 5°. For effective operation of the flat
topping system, the voltage and phase stability are very 
important. 
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Fig. 1 Effective acceleration voltage vs. rf phase. 
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Fig. 2 Typical turn pattern of 450Me V 3 He beam 
at the extraction region measured by a pro
file monitor. 
Upper: with flat-topping. Lower: without flat
topping. 

The temperature of the cooling water for the cavities 
are controlled within 0.1 o variation by a PI temperature 
regulator. The control circuits for the RF· system are 
oven-controlled within 0.01° temperature drift. The fil
ament power supplies, bias power supplies and screen 
grid power supplies for the RF power amplifiers are sta
bilized. Typical phase excursion of the cavities is less 
than 0.1° /week. Voltage variations are le11s than 0.01 
and 0.05% for the acceleration and the flat-topping, re
spectively. Fig. 2 shows a typical turn pattern at the 
extraction region with and without flat-topping. 
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Fig. 3 Tr_end data of the magnetic field. 

3 Stabilization of the magnetic fteld 

Stability of the magnetic field is affected by the cur
rent of the power supply and temperature of the iron core 
of the magnet. The magnetic field of the sector magnets 
of the ring cyclotron are monitored by NMR-probes. 
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Fig. 4 The schematic view of the sector magnet for 
the Ring Cyclotron. 

After long shut down of the cyclotron, the mag
netic field usually satarts to drop with a rate of about 
w-5 /day from start up of the ring cyclotron and after 
a week the field stability become better than 10-6 /day. 
The weight of the iron core of the sector magnet is 370 
tons. A simplified model calculation of heat conduc
tion for the iron core shows that if there was an initial 
temperature difference of 5 °, it needs more than 100 
hours to reach thermal equilibrium within 0.1 °[2]. From 
these reason, the origin of the drift is considered to be a 
change in temperature of the magnet core. It was found 
that the temperature of the cooling water for the trim 
coils strongly correlates to the stability of the magnetic 

field. Fig. 3 shows the trend data of the magnetic field. 
Around thermal equilibrium, temperature change of 1° 
causes change in field drift of -1.6 x 10-5 /day. Effect of 
temperature change of the main coil or room tempera
ture was little. Fig. 4 shows schematic view of the sector 
magnet for the ring cyclotron. The magnet has spacers, 
and magnet gap is determined by the spacers. The trim 
coils are made of ceramic coated copper plates. Each 
trim coil is mounted on the pole face through 0.125mm 
thick capton film[3]. There may be a proper and uni
form thermal contact between the pole tip and the trim 
coils. Thermal contact between the iron core and the 
main coil or air is relatively small. With this structure, 
under small temperature variation, the thermal expan
sion of the magnetic gap is mainly determined by the 
temperature of the trim coils. The variation of the mag
netic gap causes drift of the magnetic field. Field drift 
of -1.6 X 10-5 /day corresponds to temperature change 
of 0.5° /day. So it is possible to stabilize the magnetic 
field with controlling the temperature of the trim coils. 
The temperature change other than that of that of trim 
coils can be compensated by the temperature of the trim 
coils. By adjusting the temperature of the cooling wa
ter for the trim coils, the stability of the magnetic field 
better than 1 >< w-6 /week is achieved. 
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Fig. 5 Trend data of the Proton beam phase monitored for a period of 2weeks. 
Extracted energy is 300Me V. 

Together with the highly stabilized RF system, high 
quality beams are accelerated stably for long times. The 
high beam quality is kept more than 150 hours with
out any readjustment of the parameter of the acceler
ator. Fig. 5 shows trend data of the accelerated beam 
phase. The beam phase is monitored by the eight non
intercepting electrodes. Each electrodes is placed ra
dially at equal intervals. The figure shows the phase 
relative to the signal of the inner most phase monitor. 
The beam current was few-thenths of a nA to lJLA. The 
beam current was ajusted with a slit or the ion source 
which are eqipped on the injector system. Typical en
ergy spread was ""300Ke V independent of beam current. 
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