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Abstract

An intense charged-particle beam exhibits a complex collective feature by the Coulomb interaction. The motion can
be expressed as the superposition of many collective modes. The stability of the whole beam will seriously be affected
when the tune of a low-order collective oscillation mode comes close to that of a Fourier harmonic in the periodic driving
potential. The collective motion of an ion plasma in a linear Paul trap (LPT) is shown equivalent to that of a beam
traveling through an alternating-gradient (AG) focusing lattice. In ion plasma experiments, strong ion losses induced
by the coherent betatron resonance have been observed. In the present study, we perform the direct measurement of
dipole and quadrupole coherent oscillation mode in the LPT by detecting image currents induced on the electrodes’
surfaces. The coherent oscillation tune can be evaluated by frequency analysis of image currents. The measured tune of

the quadrupole mode is used to deduce the tune depression.
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Figure 1: Schematic drawing of the LPT electrodes (cross-
sectional view) together with the perturbation driver and
image current detector.
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Figure 2: Example of the frequency spectrum of an ion
plasma initially perturbed by dipole kicks. These spectra
are calculated from the difference between signals (a) and
the sum of signals (b), respectively.
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Figure 3: Intensity dependence of {2, and its tune shift.
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Figure 4: Example of the frequency spectrum of an ion
plasma initially perturbed by quadrupole kicks. These
spectra are calculated from the difference between signals
(a) and the sum of signals (b), respectively.
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Figure 5: Intensity dependence of 2 and its tune shift.
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Figure 6: Rms tune depression estimated from the mea-
surement data in Fig. 5 (black dots). For comparison, we
have added the previous experimental data (open circles)
given in Ref. [4].
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