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Abstract

The J-PARC Main Ring (MR) delivers 2.66 x 10'# protons per pulse, which corresponds to the beam power of 515
kW, to the neutrino experiment as of May 2021. For the neutrino experiment, eight bunches of the proton are extracted
by the extraction kicker and septum magnets. In the future neutrino experiment, a water Cherenkov detector is planned
to be used as a new near detector. The event pile-up in a bunch due to high neutrino flux can be a source of measurement
inefficiency. The beam with lower peak and wider time structure is desired to improve the detection efficiency of the
water Cherenkov detector. We propose a longitudinal bunch manipulation at the flattop of the MR by a second harmonics
superposition. With a second harmonics superposition, the reduction of peak current by a factor of 4 can be achieved in
20ms at the flattop. We present the longitudinal simulation result and the preliminary beam measurement results.
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Table 1: Parameters of the J-PARC MR and its RF System
for the FX

parameter value
circumference 1567.5 m

energy 3-30 GeV

beam intensity (achieved) 2.66 x 10 ppp
beam power (achieved) 515 kW
repetition period 2.48s

accelerating period 14s

accelerating frequency frr  1.67-1.72 MHz
revolution frequency frey 185-191 kHz
harmonic number hgrg 9

number of bunches IV, 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: The longitudinal distribution in the case with 100 kV for h=9 and h=18 (Left: At the end of acceleration. Center:
Bunch manipulation for 20 ms. Right: Bunch manipulation for 200 ms ). The red line represents the separatrix.
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Figure 2: Mountain plot for
the simulation in the case
with 100 kV for h=9 and

h=18. and h=18..
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Figure 3: The change in bunch length for the Figure 4: The change in peak line density
simulation in the case with 100 kV for h=9 for the simulation in the case with 100 kV

for h=9 and h=18.
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Figure 5: The comparison of the line densities at 0 ms
(Blue) and 20 ms (Red) with bunch manipulation.
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Figure 6: Comparison of the change of bunch length for
various voltage ratio of h=9 and h=18.
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Figure 7: Comparison of the change of peak line density
for various voltage ratio of h=9 and h=18.
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Figure 8: The longitudinal distribution at 200ms in the case
with 100kV for h=9 and 50 kV for h=18. The red line rep-
resents the separatrix.
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Figure 9: Comparison of the change of bunch length for
various RF voltage with the ratio between h=9 and h=18
fixed.
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Figure 10: Comparison of the change of peak line density
for various RF voltage with the ratio between h=9 and h=18
fixed.
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Figure 11: The mountain range plot for recorded beam signal of 24 kW beam with bunch extension.
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Figure 12: The change of peak current of the beam with
beam extension.
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Figure 13: The waveform of the beam signal.(Blue: before
bunch manipulation. Red: 20 ms with bunch manipulation)
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Figure 14: The mountain range plot for recorded beam signal of 42 kW beam with bunch extension.
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