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Abstract

In recent years, the J-PARC 3-GeV Rapid Cycling Synchrotron (RCS) has implemented single-ended RF cavities to enable
high-intensity beam acceleration exceeding 1 MW. Alongside this hardware upgrade, longitudinal beam parameters such as
debuncher settings and phase feedback gain patterns in the LLRF system have been optimized to further reduce beam losses.
The expanded debuncher operating range allows injection of beam pulses with a broader momentum spread, contributing to
improved bunching factor. The adjustment of phase feedback gain patterns also contribute to the reduction of the beam loss. This
study evaluates the longitudinal beam behavior during recent 1 MW operations using detailed beam simulations incorporating
recent machine parameters. Simulation results for a 1.5 MW beam acceleration test conducted this year are also presented.
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Table 1: Parameters at the Recent 1 MW Beam Acceleration

Macro pulse

width 500 ps
peak current 50 mA
Intermediate pulse
dp/p offset —0.15%
width 440 ns
momentum spread 0.65% (FWHM)
(DB1/2 4000/6000)
RF parameters of RCS
RF cavity SE :No. 1,4,5,7,9, 11

PP : No. 2, 3,6, 8, 10, 12
—0.05%

—100 deg.

Pattern C in Fig. 8
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Figure 1: Measured and simulated BF of 1 MW beam.
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Figure 2: The vector-sum RF voltage measured at 1 MW
beam.
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Figure 3: MF simulated using the latest machine parameters
of 1 MW beam.
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Figure 4: The measured gap voltage per cavity at | MW beam
acceleration. Solid and dashed lines are SE and PP cavity,
respectively.
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Figure 5: Momentum spread distributions of intermediate
pulses with varying debuncher parameters.

504 NS R
] A e
8.3 e,
o —— BLonD (DB1/2=4000/2400) Dl
E 0.2 —— BLonD (DB1/2=4000/6000)
2 —— BLonD (DB1/2=0/6000)
2014 Meas (DB1/2=4000/6000)
—— Meas (DB1/2=0/6000)
0.0 T T T T - . .
0 500 1000 1500 2000 2500 3000 3500 4000
turns
" [DB1/2 - 4000/2400 " [DB1/2 - 4000/6000 [pB1/2 - 0/6000
o e f©@mm

aseloeg)” T T oo, b h " ohase (deg.)

Figure 6: Measured and simulated BF with varying debuncher
parameters at 1 MW beam.
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Figure 7: Simulated MF for each debuncher parameter setting.
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Figure 8: Phase feedback gain patterns.
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Figure 9: Measured BF with varing the phase feedback gain
pattern at 1 MW beam.
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Figure 10: Simulated MF for phase feedback gain pattern.
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Figure 11: Simulated phase space distributions at 4000 turn for
phase feedback patterns A (left) and C (right), respectively.
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Table 2: Machine Parameters at 1.5 MW Beam Test

Macro pulse

width 600 us
peak current 60 mA
Intermediate pulse
dp/p offset 0.0%
width 440 ns
momentum spread 0.87% (FWHM)
(DB1/2 0/6000)
RF parameters of RCS
RF cavity SE :No. 1,4,5,7,9, 11
PP : No. 2, 3,6, 8, 10, 12
RF frequency dp/p offset  0.0%
h4 phase sweep —100 deg.
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0.5
5 0.4
>
“ 0.3
o s
'_% 0.2 " - —— BLonD 1.0 MW ™|
o ulti-turn injection (1.5MW) — BLonD 1.5 MW
3
2 0.1 . P Meas 1.0 MW
ulti-turn injection (1MW) — Meas 1.5 MW
0.0 u

1000 1500 2000 2500 3000 3500 4000
turns

Figure 12: Measured and simulated BF of 1.5 MW and 1 MW
beam.
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Figure 13: The vector-sum RF voltage measured at 1.5 MW
and 1 MW beam.
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Figure 14: Simulated MF for 1.5 MW and 1 MW beam.
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