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Abstract

Several upgrades are planned for the J-PARC MR to achieve higher beam intensity toward the future beam power of 1.3
MW. We aim to increase the beam intensity by increasing the number of protons per pulse and shortening the repetition cycle.
Higher RF voltage is required to accelerate the beam in a shorter acceleration period. Coupled bunch instability can be more
severe with more protons per pulse. To accelerate high-intensity beams stably in the shorter repetition cycle, we evaluated the
RF voltage pattern using the beam longitudinal dynamics simulation. Based on the evaluated RF voltage pattern, we achieved
the acceleration of the proton beam with a beam power of 750 kW in 2023.
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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 10 ppp
beam power (achieved) 515 kW
repetition cycle 248s

accelerating period 14s

accelerating frequency frg 1.67-1.72 MHz
revolution frequency frey 185-191 kHz
harmonic number hgy 9

number of bunches NV, 8

maximum RF voltage 320 kV

No. of cavities 7(h=9),2h=18)
Q-value of RF cavity 22
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Table 2: Upgrade Scenario of the J-PARC MR

parameter ~ 2021 2023~ 2028 ~

Repetition cycle[s] 2.48 1.36 1.16

Acceleration time [s] 1.4 0.65 0.58

# of protons [x10'4ppp]  2.66 2.1 33

Beam Power [kW] 515 750 1300

RF cavity(for h = 9) 6~7 9 11

RF cavity(for h = 18) 2 2 2

Max Vir[kV] 320 510 600
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Measurement 3.24e13ppb  (7Cavities, voltage FB for h=8~10)
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Figure 1: Comparison of the mountain range plot for 20ms
from injection.
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Figure 2: Comparison of the mountain range plot for the whole
injection period.
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Figure 3: Bunching factor for 20 ms from injection.
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Figure 4: Bunching factor for 1 s from injection.
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Figure 5: RF voltage and phase pattern for 1.36 s cycle accel-
eration.
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Figure 6: Mountain range plot in the case of 1.36 s cycle accel-
eration with the impedance of 11 RF cavities (0 €2 for h=8~10)
for Viop=510 kV, N,, = 2.0 x 10'ppp .
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Figure 7: Mountain range plot in the case of 1.36 s cycle accel-
eration with the impedance of 11 RF cavities (0 €2 for h=6~12)
for Vigp=510kV, N, = 2.0 x 10*ppp.
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Figure 8: Momentum filling factor and bunching factor for various Vio, and IV}, in the case of 1.36 s cycle acceleration with the

impedance of 11 RF cavities (0 Q2for h=6~12).
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Figure 9: Comparison of bunching factor between the simu-
lation and the beam measurement. V,,=450 kV was achieved
by 9 RF cavities for h=9 with cavity voltage FB controlled for
h=6~12.
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Figure 10: Momentum filling factor and bunching factor for
various Vo, and IV, in the case of 1.16 s cycle acceleration
with the impedance of 11 RF cavities (0 €2 for h=6~12).
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