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Abstract

Beam loading compensation is a key for acceleration of a high intensity proton beam in the synchrotrons, the RCS
and MR, of the Japan Proton Accelerator Research Complex (J-PARC). Magnetic alloy loaded rf cavities are used to
achieve high accelerating voltages without a tuning bias loop. The frequency response of the RCS cavity covers the
fundamental accelerating harmonic (# = 2) and higher harmonics up to the third (# = 6) harmonic. In case of the
MR, the accelerating harmonic (2 = 9) and the neighbors (k = 8, 10) are covered. Thus, wake voltages in the MA
cavities are multiharmonic, and multiharmonic beam loading compensation is necessary for both of the RCS and MR.
We developed the multiharmonic feedforward systems for the J-PARC synchrotrons. A commissioning methodology
of the feedforward patterns has been established. We describe the system architecture and the commissioning
methodology of the feedforward patterns. The commissioning of the feedforward using high intensity proton beams
was successfully performed in the RCS and MR. We report the commissioning results. The multiharmonic beam
loading compensation is necessary for the high intensity user operation.
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Although this solution is conceptually very simple, it
maybe in practice be difficult to implement for various
reasons:

* Non linearities of the power amplifier limit the
cancellation effect (at best a factor 10 can be
achieved in practice), as well as phase and
amplitude stability of the various elements in the
compensation chain.

» For a varying RF frequency, all these problems
are even more difficult: tolerances on gain and
phase are very critical.

* To avoid coupled-bunch effects, the overall delay
Sfrom beam monitor to cavity should be small, or
exactly equal to one turn.
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