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Abstract

J-PARC MR delivers high intensity proton beams to the neutrino experiment. Eight bunches with high peak currents
are extracted from the MR by fast extraction, therefore the neutrino beam has a similar time structure. The Intermediate
Water Cherenkov Detector (IWCD) is to be constructed for the future neutrino experiment. The IWCD requires a low
peak current time structure, therefore peak current reduction by bunch manipulation during the MR flat top is considered.
The manipulation must be done shortly to avoid a significant loss of the beam power and the bunch gap for the rise
time of the extraction kickers must be kept. A non-adiabatic bunch manipulation using the multiharmonic rf voltage has
been proposed. Since the longitudinal impedance of the entire MR circumference may affect the beam motion in the
manipulation, simulations are performed to evaluate the feasibility of the bunch manipulation for high intensity beams.
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Table 1: Parameters of the J-PARC MR and its RF System

circumference 1567.5 m
energy 3-30 GeV
Y 31.6i

beam intensity (achieved) 2.6 x 104 ppp

repetition period (FX) (present) 2.48 s
(upgraded) 1.16 s
accelerating frequency 1.67-1.72 MHz
harmonic number 9
number of bunches 8
maximum rf voltage (h = 9) (present) 320 kV
(upgraded) 600 kV

No. of cavities (h = 9, 18) (present) 7, 2
(upgraded) 11, 2

cavity resonant frequency 1.72 MHz

Slippage factor (7)) (3 GeV) -0.058
(30 GeV) -0.0019
Q-value of 1f cavity (h = 9) 22
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Figure 1: Operating principle.
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(c) 4500 turns.

Figure 2: Longitudinal distribution during the manipula-
tion process.

(d) Before extraction, 6500 turns.
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Figure 3: Comparison of beam strucrtures at 0 and 6500
turns.
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Figure 4: Impedance used for the simulations. Note that
the impedance of the fundamental resonance of the acce-
leating cavities around 1.7 MHz is removed, assuming the
beam loading compensation works correctly.
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Figure 5: Longitudinal distribution at 6500 turns with var-
ious intensities.
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(a) 20 ns (RMS). (b) 30 ns (RMS).
Figure 6: Longitudinal distribution at 6500 turns with in-

creased initial bunch lengths.
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Figure 7: Comparison of beam strucrtures at 0 and 6500
turns at 4 x 103 ppb with the initial bunch length of 30 ns
(RMS).
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