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Abstract

A compact linear Paul trap (LPT) confining a large number of ions has been employed at Hiroshima University to
conduct a systematic experimental study of beam stability in modern particle accelerators. This unique approach to
fundamental beam-dynamics issues is based on the fact that a charged particle beam in an alternating-gradient transport
channel is physically almost equivalent to an ion plasma in the LPT. In the most typical LPT structure, nonlinear fields
in the aperture originate largely from mechanical errors, which means that their strengths are not artificially controllable.
To overcome this limitation, we developed a new type of LPT that has four extra electrodes inserted in-between the
regular quadrupole rods. Those extra electrodes enable us to control not only the strengths but also the time structures of
the sextupole and octupole fields independently of the linear focusing field, making it possible to explore nonlinear effects
from correction magnets and low-order imperfections in real machines. We carried out a performance test of the new LPT
and confirmed that it can confine as large a number of ions as the ordinary four-rod structure. It is also experimentally

verified that the octupole field can be produced by applying proper time-dependent voltages to the extra electrodes.
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Figure 1: The cross sectional view of the ER (Experiment
Region). In addition to the regular four cylindrical rods,
four extra electrodes have been inserted for the excitation
of nonlinear fields.
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Figure 2: Electrodes’ potential in the octupole control
mode. Solid curves indicate the equipotential lines when
the four extra electrodes have an identical voltage Vo.
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Figure 3: Measured ion number plotted as a function of the
cell tune v,. lons are stored for 10 ms in the ER with the
octupole field on. Two different excitation amplitudes of
the octupole field have been taken into account. The
octupole perturbation has the same frequency as the
quadrupole focusing field.
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(b) Simulation results
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Figure 4: Number of remaining ion in the ER after10 ms vs. the bare tune v, ,y. The repetition frequency of the octupole
field is set at 0.5 MHz, a half of the primary quadrupole focusing frequency (1 MHz). The abscissa thus corresponds to
the tune over two FODO periods. (a) Measurement results. (b) Simulation results assuming an ideal LPT without
mechanical errors. No space-charge potential has been considered here to save computing time.
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