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Abstract

The 3 GeV Rapid Cycling Synchrotron (RCS) of the Japan Proton Accelerator Research Complex (J-PARC) accelerates
proton beams with a maximum beam intensity of 8 x 10! protons per pulse, utilizing the features of magnetic alloy (MA)
cavities. The beam is extracted in a single turn by kicker magnets, and immediately after the beam is extracted, a short
voltage jump occurs in the cavity. This is due to a delay in the voltage control feedback, which takes a certain amount of
time to respond to the step-like decrease of beam current upon single-turn extraction. In a wideband (Q=2) MA cavity,
this response delay is observed as a voltage jump. This voltage jump can cause damage to the cavity system if the voltage
at the time of extraction is high. If a gain pattern is applied to inhibit the output at the same time as the extraction, this
jump can be suppressed, however, in the case of a multiharmonic system in the RCS, the pattern setting is cumbersome.
Therefore, we prepared a logic to suppress the output synchronously with the beam extraction as a function of the LLRF

control system. The details of the function and test results are reported.
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Table 1: Parameters of J-PARC RCS and its RF system

parameter
circumference 348.333 m
energy 0.400-3 GeV

beam intensity (achieved) 8.33 x 1013 ppp
output beam power (achieved) 1 MW
harmonic number 2
accelerating frequency 1.227-1.671 MHz

maximum RF voltage 440 kV
repetition rate 25 Hz
No. of cavities 12

Q-value of RF cavity 2
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Figure 1: Typical gap voltage waveform with accelerat-
ing 1 MW beams. The voltage jump at the extraction is
observed. Note that the voltage step before extraction is
programmed for bunch rotation.
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Figure 2: (a) Steady state phasor diagram under beam load-
ing, and (b) phasor diagram just after the beam extraction.
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Figure 3: Functional block diagram of the RF output sup-
pression function.
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(d) Delay=105 us.

Figure 4: Gap voltage waveforms near extraction of a 1 MW equivalent beam (a) without and with the suppression
function. The delay values are (b) 110 us, (c) 107 us, (d) 105 ps.
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