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RESIJL’TS OF MEASUREMENTS UN A 10 MHz CAVITY DRIVEli 
BY A 250 kW PDWER AMPLIFIER AND THE PRESENT STATUS 

OF THE RF SYSTEM OF THE SIN CYCLCITRDN 

P. Lanz 
SIN-Schweizerisches Institut fur Nuklearforschung 

(Swiss Institute for Nuclear Research) Ziirich, 
Switzerland 

ABSTRACT 

The latest developments or- the rf system 
of the SIN ring cyclotron will be descri- 
bed. With a power input of 250 kW in one 
accelerating cavity (Qo=32 000) more than 
700 kV peak voltage was measured. At a 
cavity voltage of 500 kV the phase and am- 
plitude stability are 0,4O and 1 in IO3 
respectively. The following subjects are 
discussed in detail: 
- Automatic tuning system 
- Multipactaring 
- X-rays at high cavity voltage 
- Uevelopment of a flat-topping cavity 
- The future rf test program 

RF SYSTEMS OF THE SIN A’CELERATDR 

The SIN Z-stage accelerator has three different rf 
systems (Fig. 11 

The first stage which is designed and constructed 
by Philips uses two of them: 
- the first one, a self-excited rf system for low energy 

operation, is tunable in the frequency range 4,7-17 KHz 
and operates with 70 kV dee voltage 

- the second one is a M.O.P.A. system for operation as an 
injector. 

For adjustment of the operating frequency to SO,7 MHz 
(3. harm. of the orbital frequency) a shorting plate is 
pushed in between the liner and dee stem at a distance of 
approximately A/4 from the gap. The required dee voltage 
is 90 kV. The corresponding power is delivered by a 250 
kW power amplifier. 
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RF SYSTEM OF THE SIN ACCELERATOR 

50.7 MHz operation 
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Fig. I 
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ohase detector. The phase detector measures the ohase be- 
tween the incident wave and the cavity voltage (Fig. 41. 

Automatic Tuning System 

0 f 
‘J 
A r?pFrCllnrj YOl~ii’ 

ic,-ve nf the 

I I 

phase detector 

Fig. 4 

nse tinr 
odjustnble 

As soon as the rf is switched off (due to a distur- 
bance for instance) this signal is no longer available 
and special precautions must be taken because the reso- 
nance frequency of the cavity changes very fast when the 
temperature drops. Switch-on is no longer possible after 
1 set of interruption because too much power is reflected 
due to the detuning of the cavity which has a bandwith of 
only I,7 kHz. 

With the rf power turned off the hydraulic tuning 
system is controlled by two other parameters i. e. the 
temperature change At of the cavity walls and the expan- 
sion and compression As of the cavity which is measured 
by means of a transducer. With these parameters the re- 
sonance frequency is kept close to the frequency of the 
M.O. thereby permitting automatic switch-on at low power 
levels after which the control of the hydraulic tuning 
system is taken over by the phase detector. As soon as 
the cavity is tuned to resonance the voltage is increased 
to a predetermined value. The voltage increase is stop- 
ped as soon as a disturbance appears. With this control 
system it is possible to pass automatically through the 
multipactoring region.2 
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MULTIPACTORING 

When energy is fed into a new cavity for the first 
time multipactoring exists and must be overcome. 
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Fig. 5 

Fig. “I shows the voltage increase and pressure 
variation in the cavity against time with a constant in- 
put oower of approximately 20 kW which is the maximum 
allowable reflected power. After about 4 hours t+e cavity 
voltage rises suddenly. 

The further increase in the cavity voltage is accom- 
panied by an outgassing process Fig. 6. 

The cavity voltage is at first adjusted to a value 
just below the voltage at which switch-off due to reflec- 
tion occurs. T?e pressure in the cavity rises slowly due 
to outgassing of the inside surfaces which is a can- 
sequence of the increasing cavity temperature. At a cer- 
tain pressure a sudden increase in the reflected power 
from the cavity occurs and the rf is automatically swit- 
ched off. 

Thereafter multipactoring in the cavity starts again 
and is maintained for as long as possible in order to 
clean the cavity surfaces. 
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This cycle, multipactc- 
ring - voltage increase- 
multipactoring is repea- 
ted as described above 
until the total power of 
250 kW (730 kV cavity 
voltage1 can be fed into 
the cavity. Operation at 
a high power level for a 
long time decreases the 
possibility of voltage 
breakdown in the cavity 
further. Also the influ- 
ence of multipactoring 
becomes smaller and smal- 
ler until it is barely 
noticable after a long 
time. 

X-RAYS 

Fig. 7 shows the 
results of measurements 
of the x-ray intensity 
at three different posi- 
tions around the cavity. 
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It is to be noted that the intensity decreases with the 
time that rf was switched on. It appears as if the x-ray 
intensity depends on the degree of cleanliness of the ca- 
vity surfaces. 

FLAT-TOPPING SYSTEM 

For a high extraction efficiency a larger orbit se- 
paration at the extraction radius as well as equal ener- 
gy increments per revolution for all particels are desir- 
able. Except for the large energy gain per revolution 
which is obtained with the 4 cavities a flat-topping 
system with which the second requirement is fulfilled is 
planned for the future. The flat-topping system will pro- 
oably consist of a fifth cavity operating at the 3rd har- 
monic (150 MHz). Fig. 0 shows the basic system and the 
required voltage and phase stability. 
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Fig. 8 

For experimental study of the flat-topping system a 
I:1 model of a cavity was built and coupled to a 3 kW, 
150 Mhz amplifier. In the future a fast phase stabilizer 
will be built and tested. In the meantime the most criti- 
cal components of such a phase stabilizer, i. e. the pha- 
se detector, the summation circuit an the connecting cab- 
les were studied theoretically and experimentally. This 
study is not completed yet. 
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Tqe design of a 150 MHz cavity will be very similar 
to that of the 50 Ml'z cavities. The required 38U kV third 
harmonic voltage can be obtained with a power input of 
70 kW in the fifth cavity which has a &I valus of approxi- 
mately 25 000.'~~ 

In Fig. 9 the further rf program until completion of 
the ring (1 July 73) is shown. 
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