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Abstract

The new transverse feedback system for the J-PARC Main Ring (MR) is currently under development. The J-PARC
MR is a proton synchrotron that accelerates proton beams from 3 GeV to 30 GeV. The transverse feedback system
suppresses beam instabilities in the horizontal and vertical betatron oscillations, which arise with increasing beam current.
This system damps these oscillations and suppresses the amplitude growth associated with these instabilities,
consequently reducing beam losses induced by such phenomena and maintaining beam quality. The new system features
a higher sampling rate to handle high-frequency instabilities and also facilitates adaptation to the changing revolution
period during acceleration.
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Figure 1: Block diagram of feedback system.
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Figure 2: Block diagram in RFSoC shown in Fig. 1. The
diagram is designed by the authors and the FPGA program
for it is implemented by Mitsubishi Electric Defense &
Space Technologies Corp.
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Table 1: Revolution Period of J-PARC MR

Injection Extraction
Energy 3 GeV 30 GeV
Revolution Period 5.385 us 5.130 us
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Figure 3: Shorted-stripline BPM for feedback, with tapered
electrodes of which pulse response is shown in Fig. 4.

Length of strip-line is 0.3 m [10].
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Figure 4: BPM signal (“Output”) for short pulsed beam
(simulated pulse) (“Beam Simulated pulse™) [10].

Figure 5: BPM response of shorted-stripline BPM.
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Table 2: Digital Processor

Board MEDS MME-TRXO01-B
FPGA Xilinx Zynq UltraScale+ RFSoC
XCZU27DR—1 (Speed grade -1)
ADC 8 (12-bit, 4.1 GS/s,)
DAC 8 (14-bit, max 6.5 GS/s)
CPU in FPGA Quad-core Arm Cortex-A53
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Figure 6: Change of N; with the change of revolution
period. Actual N; values are ~3000.
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