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Abstract

A new method has been successfully tested at the
Bonn Isochronous Cyclotron that gives superior dee vol-
tage stability. This new principle is especially of
interest for larger cyclotrons. Measurements are presen-
ted and their implications discussed.

Introduction

Many experiments depend strongly on the quality of
the extracted cyclotron beam. From the various parame-
ters which have to be stabilized 1ike main field, trim
coils, RF-frequency, the dee voltage is especially diffi-
cult, because it is not easy to construct a reliable
voltage probe that allows to obtain the correct error
signal for the stabilizing circuit. Very often beam
property fluctuations that impair precision experiments
are mainly due to dee voltage variations. Therefore,
numerous attempts have been made to improve the stabili-
ty of that important parameter.

Standard Requlation Schemes

The method widely applied to obtain a stable dee-
voltage is the use of a capacitive or inductive pick-up
probe and the comparison of this signal with a preset
value. The error signal obtained is fed to a regulation
circuit that varies the power of the RF generator accor-
dingly. With a scheme 1like this the precision in dee
voltage stability is virtually Timited only by the accu-
racy of the probe. Unfortunately these probes are very
sensitive to mechanical changes due to temperature vari-
ations or vibrations. By this way dee voltage fluctua-
tions are actually introduced through the servo loop.

Energy Feedback Systems

To overcome the limitations set by these conven-
tional regulation schemes the Bonn Isochronous Cyclotron
is using a modified re?ulation system which is an over-
lay of two servo loops* (cf. figure 1). The conventional
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Figure 1: Dee voltage stabilization by using the analy-
sing slit.
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one where the signal is obtained with a capacitive prooe
to give a coarse regulation. For the 107" level of av/v
an additional signal is derived from the current asymme-
try of a slit that is located behind the first analysing
magnet. Thus the energy of the extracted beam is used

to stabilize the dee voltage. With that scheme even
small drifts of the main field and/or RF-f{requency
arc compensated by readjusting the dee voltage.

The Timitation of this method, which is similar to
the ones of terminal voltage stabilization in tandem
accelerators, is the necessity of nearly single turn
extraction. Larger cyclotrons, where many orbits are
mixed in the extracted beam, are therefore not able to
take advantage of this technique. To obtain an improved
dee voltage stability for this kind of machines, too,
we have tested a new method for obtaining a high preci-
sion error signal.

Instead of using external slits an internal slit
is installed.

Figure 2: Inner orbits of the cvclotron with the slit
at the fifth orbit on the left side.

Fig. 2 shows schematically the inner orbits of the
cyclotron with the slit positioned at the fifth orbit.
Under the asumption that all other parameters are con-
stant the radius is given by:

and thus r = const. - »/-\/T
5 AV
AT = (/2 . T
This shows that for obtaining a large displacement of
the orbit for a given variation of the dee voltage one
has tochoosea radius as large as possible. in addition
the radial phase space shrinks with increasing radius
and a variation of the orbit position leads to an in-
creased asymmetry signal. In figure 3 the radial posi-
tion of the s1it is varied and the vertical axis shows
the measured asymmetry voltage V. It is easy to see
that dV,/dr gets bigger for large radii increasing the
sensitivity of the probe. To obtain the best position
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Figure 3: Asymmetry signal (left current - right cur-
rent) versus radial position of the slit for
different settings of the dee voltage in rel.
units: top 660 middle 670 bottom 680.

one moves the slit while observing the beam at an outer
radius to find the optimum for sensitivity and trans-
mission.

In our test the slit Jaws had a width of 5 mm
each with a 5 mm gap in between. In the optimum position
for regulation the beam intensity had dropped to ca.50%.
No attempts were made to improve this value as the main
objective was to study the behavior of such a system.
The current signals of those slits were after careful
filtering of the residual cyclotron RF fed to the cur-
rent amplifiers of the external slit system.

This method needs again the double servo loop
technique as the asymmetry sigral can only be used in a
narrow regulation range. After matching the PID charac-
teristic of the requlation circuit a performance was
obtained comparable to the old system which stabilizes

AV/V to 107%,

Conclusion

The tests of a new method for a dee voltage sta-
bilization have shown that it results in a much improved
stability compared to a capacitive or inductive regula-
tion circuit. The necessary requirement of stabilizing
main field and RF frequency sufficiently can be full-
filled without difficulties. As shown in ref. 1 the
method has the additional advantage that beam energy
fluctuations due to small instabilities of the RF-
frequency are essentially smoothed by the compensating
effect of the dee voltage regulation. The method is ap-
plicable also to cyclotrons which have no separated or-
bits at the extraction radius. It can be either used for
regulation or for checking existing stabilization sys-
tems.
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