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PEELER EXTRACTION OF A SYNCHROCYCLOTRON BEAM®
" Rodolfo J. Slobodriant
Radiation Laboratory

University of California
Berkeley, California

August 8, 1957

A study of a perturbation in the fringing magnetic field of a synchro-
cyclotrém was made us!ng the computed unperturbed orbite of the modified
Berkeley 184-inch oynchrocyelotron.l Instead of a field increase, 2s is
used conventionally in the nonlinear field region of a synchrocyclotron
[:hia perturbation.-is a field reduction, 2 Only median~plane particles were
";_:onaidezed. and the perturbation was a O function of two variables, the
,‘réd&dl amplitude and the asimuth of the particla to be extracted. The
4exti'a.ction of the beam with a field reduction function of the radius only
was. con’éidered previouoly by Tuck and Teng in the linear field region, 3 but
it was’ diacaxj&ed because it is not possgible to show that the extraction can
. ttke place éin a finite number of turns, The same is valid for the nonlinear
. field region. - |
. The peeler extraction proposed here overcomes this limitation by
using a perturbation that recedes with increasing radial amplitude. This is
shown in Fig. 1, where r ia the radial amplitude of oscillation and the base .
line is the synchronous orbit chosen for the extraction. The recession
is méa@ﬁred,by the angle ¢, and its direction is opposite tmthe direction of
circulation of the beam. Figure 2 illustrates a suitable pé'ftnrbation choice

L4

*Work done under the augpices of the U. 3. Atomic Energy Commission.

! Visitor from the Atomic Energy Commiuion of Argentina,

l‘Theéé were obtained by W.F.Stubbins by numerical solution of Lorentz

equations with a digital computer.

2 K.J. LeConteur and 8. _Lipton. Phil. Mag. 46, 1265 (1955);
Warren F. Stubbins, Extraction of Synchrocyclotron Beams Near the
Maximum Energy, UCRL-3476, July 1956,

3

1. L Tuck and L.C. Teng, Inetitute of Nuclear Studies, 170-In. SB8ynchro-
cyclotron Progress Report IlI, University of Chicago, 1950.
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for the Berkeley machine. % The recession is 15° per inch of radial
'-'a.mplitude.
" An extracted particle orbit is shown in Fig. 1. A successful en-
counter of the perturbed field can be defined as one that results in a
“gain of radial oscillation amplitude, With a perfurbation function of radiue
“only, a particle can encounter the perturbed field at any radial amplitude
‘and consequently at any radial velocity. The recession implies that the
encounter can take place at any radial amplitude when the radial velocity
ie pointing away from the center of the machine, but instead it can take
place in a radiall-velocit} range 0 to ¥limit® *ma.x.imu m When it is pointing
‘towards the center of the machine. It is obvious that the recession ¢
determines 'li it for every orbit, As the perturbation {s a field reduction,
the ehange in radial velocity Ar points away from the center of the machine.
'The condition for a succesaful encounter is h'ﬁnal' = 'rinitial + Ar,lm-l nitis‘lm)'
where 7, ..., and Feinal 2F€ respectively the radial velocity before and
after the encounter. The case of interest is precisely the one where i'initi al
md Ar have opposite sign. The recession of the perturbation excludes for
particles of large oscillation amplitudes the family of "unsuccessful"
encountqrs. the ones that do not satisfy condition (A) and would therefore
xeduceih‘e oscillation amplitude. This recession is a way of adequately
_ pﬁaaing the per’turbatién. in order to exclude encounters when the radial velocity
- r pointwtﬁwa,;;ﬁn the center of the machine and is such that ru it r< rmax
' ~ Figure 3 {llustrates a property that can be called contraction of the
“nodal segment” and is self-explanatory. Several orbits were considered
with different initial conditions. For small amplitudes (0.1 to 0.2 in.), it
. takes some 15 to 20 turns to complete the extraction, with 4 to 5 passages
'through‘ the perturbation. The action {8 such that only particles with a
partlch'hr set of initial conditions are extracted. The ones that do not belong
to that set keep circulating until they fall into it (phasing property).
‘ A full report will be published in the future. It is a pleasure to thank
Dr. W. F. Stubbins for introducing me to the extraction problems.

4‘1"110 odd shape is a consequence of the fact that the freedom in the choice
of the perturbed field is reduced by the requirement that the beam pass
through an existing steering magnet.



Fig. 1.

Fig. 2.
Fig. 3.
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_ Figure Legends
Example of particle extraction by the proposed procedure.

. Perturbation 'ahaApa for the Berkeley 184-inch synchrocylotron,

Contraction of a nodal segment.
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