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Abstract

The digital low-level-rf (LLRF) control system for J-PARC Main Ring (MR) with RF feedforward method for beam
loading compensation has contributed to the stable beam acceleration in the MR for more than ten years. The longitudinal
coupled-bunch instabilities (CBI) were observed in the MR for the beam power beyond 470 kW due to cavity impedance.
To mitigate the CBI, we designed the new LLRF control system with multi-harmonic vector rf voltage control function
to suppress the beam-induced wake voltages in the RF cavity. The prototype modules of the new LLRF control system
were installed in MR in 2019 and contributed to reaching the beam power beyond 500kW. The new system was deployed
in 2021. We present the configuration of the new LLRF control system and preliminary beam test results.
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Table 1: Parameters of the J-PARC MR and Its RF System
for the FX as of 2021

Parameter Value

Circumference 1567.5m

Energy 3-30 GeV

Beam intensity (achieved) 2.66 x 1014
ppp

Beam power (achieved) 515 kW

Repetition period 2.48s

Accelerating period 145

Accelerating frequency frr  1.67-1.72 MHz

Revolution frequency fr,  185-191 kHz

Harmonic number hgrg 9

Number of bunches N, 8

Maximum rf voltage 320 kV

No. of cavities 7 (h=9), 2 (h=18)
Q-value of rf cavity 22
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Figure 1: Block diagram of the LLRF control system.
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Figure 2: Picture of the AMC board and the RTM board for
the developed LLRF control system. [6]
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Figure 3: Block diagram for the common function module.
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Figure 4: Block diagram for the cavity driver module.
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Figure 5: Block diagram for serial data transfer in the
LLRF control system.

Figure 6: Picture of the prototype cavity driver module.
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Figure 7: Comparison of the wake voltage in single RF cavity with the beam power of 480 kW.
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Figure 8: The mountain plot for the fast extraction in the J-PARC MR with the beam power of 480 kW (Left: with RF
feedforward method for h=8.10. Right:Voltage vector feedback for h=8,10. ).
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Figure 10: The mountain plot with the beam power of 2.4 x 10'# ppp. (Left: During injection period for 2 bunches.

Right: Injection and circulation of 8 bunches. ).
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