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Abstract

The J-PARC Main Ring (MR) accelerates protons from 3 GeV to 30 GeV and delivers beams to the T2K long-baseline
neutrino experiment. As of November 2023, the operational beam power reached 750 kW, achieving the original design goal
for J-PARC. This was further increased to 830 kW in March 2025. Our long-term goal is to reach 1.3 MW by 2028 [1]. To
support this upgrade, the number of RF cavities and their associated power supplies has been expanded over the past a few
years. Further improvements will continue in the coming year, with the total RF voltage planned to increase from 450kV to
550kV by adding two more cavities. The anode power supply will also be upgraded to increase the anode current, despite
constraints on available physical space [2]. The required anode current was estimated using a phasor diagram. Based on the
available anode current, a method was studied to reduce the current requirement by adjusting the cavity resonant frequency.
This paper discusses the estimation of the required anode current and the optimization of the cavity detuning angle to minimize

anode current consumption.
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Figure 1: Measured anode current as the number of protons
was increased from 0 to 2.7 x 10 ppp.
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Figure 2: Phasor diagram showing the detuning angle ¢, and
beam phase ¢g. The total cavity current It is the sum of the
beam current Iy and the generator current /.
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Figure 3: Comparison of reconstructed anode current using
the fitting model (left) and measured data (right) as the beam
intensity was varied from 0 to 2.5 X 10 ppp.
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Figure 4: Cavity impedance (left) and detuning angle (right)
as functions of frequency, when the resonant frequency was
scanned from 1.73 MHz to 1.80 MHz.
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Figure 5: Anode current estimated using the fitting model at various times in the MR cycle. Each line shows the result for a
cavity resonant frequency scanned from 1.73 MHz to 1.80 MHz.
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Figure 6: Estimated anode current at 0.69 s for the fundamen-
tal 4-gap cavity as a function of beam power, under different
RF voltage and cycle length conditions: 450kV at 1.36 s (solid
line), 510 kV at 1.28 s (dashed line), and 550kV at 1.16 s (dot-
ted line). Results for 1.73 MHz are shown in blue, and those
for 1.78 MHz in brown.
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