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Abstract

J-PARC Main Ring delivers 30-GeV protons to the hadron experiments by the slow extraction. The beam power by the slow
extraction reached 90 kW, and the studies to reach higher beam intensities are in progress. The instability during the injection
period and the debunching process is one of the issues to achieve higher beam intensities. The longitudinal emittance blow-up
is introduced to mitigate the instabilities. We achieved the beam power of 80 kW by injecting the beam into the RF bucket
with the initial phase offset to have emittance blow-up in the early stage of the acceleration. The bunch with more broader and
flatter longitudinal distribution is required to achieve higher beam intensities. The second harmonic RF was introduced to make
asymmetric RF buckets for bunch shaping. This new method was key to achieving the beam power of 90 kW.
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Table 1: Parameters of the J-PARC MR and its RF system for
the SX as of 2025.

parameter value

energy 3-30 GeV

beam intensity (achieved) 7.95 x 103 ppp
beam power (achieved) 90 kW
repetition cycle 4.20s

accelerating period 0.65 s

accelerating frequency frr  1.67-1.72 MHz

harmonic number h 9 (fundamental RF),

18 (second RF)

number of bunches NV, 8

maximum RF voltage 400 kV (h =9),
110kV (h = 18)

No. of cavities 9(h=29),2(Mh=18)
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Figure 1: Mountain range plot in the case of the phase offset
(55°) injection only with i = 9.
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Figure 2: Mountain range plot in the case of the bucket center
injection with dual harmonic RF.
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Figure 3: Mountain range plot in the case with h = 9 phase
offset (55°) with dual harmonic RF.
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Figure 4: Comparison of the bunching factor at the beam
power of 80 kW.
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Figure 5: Comparison of the beam loss in the case of h = 9
phase offset (55°) with and without 2nd RF (h = 18) at the
beam power of 80 kW.
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Figure 6: Phase space distributions at 20000 turns in the simulation. (Left: Phase offset injection (55°) only with h = 9.
Center: Bucket center injection with dual harmonic RF. Right: Injection with A = 9 phase offset (55°) and dual harmonic RF.
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Figure 7: Phase space distribution at 20000 turns in the simulation for various combinations of the phase offset.
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Figure 8: Longitudinal beam properties at 20000 turns in the simulation for various combinations of the phase offset. Black

rectangles show the parameter regions used in the beam study.
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