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Abstract

Longitudinal beam simulation code BLonD (Beam Longitudinal Dynamics), which has been developed by CERN in
recent years, can simulate the longitudinal beam motion for a variety of situations, for example, collective effect and multi-
harmonic acceleration. In addition, this code is written by Python, which makes it highly readable and general-purpose
code. We are currently conducting a benchmarking of BLonD studying for further improvements of longitudinal beam
manipulation of the J-PARC 3GeV synchrotron (RCS). The results of BLonD simulation using the parameters of RCS
IMW beam operation reproduce the experimental results well and it was confirmed that BLonD is useful for longitudinal

beam simulation of RCS.
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Figure 1: Demonstration of the BLonD simulation with the
RF frequency offset. The red line shows the separatrix in
the case without the RF frequency offset and the blue dots
show the particle distribution with the RF frequency offset.
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Table 1: Parameters of J-PARC RCS

Injection energy 400 MeV
Extraction energy 3 GeV
Number of protons 8.33% 103 ppp
Harmonic number 2
Repetition rate 25 Hz
Acceleration period 20 ms
Circumference 348.333 m
Momentum Compaction Factor  0.0119798
Max. Acc. Voltage 438 kV
Number of cavities 12
+ extraction (3GeV)
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Figure 2: Schematic view of the ramping pattern of RCS.
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Figure 3: The time variation of the RF voltage for the each

harmonic component. The solid lines show the input RF

pattern and the dashed lines show the monitored RF voltage

up to h = 8 measured at the IMW beam operation.
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Figure 4: Input RF frequency offset pattern.
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Figure 5: Input second harmonic phase offset pattern. The
vertical axis shows the phase offset from the synchronous
phase of the fundamental harmonic.
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Figure 6: The time variation of the monitored RF phase
offset up to h = 8 at the IMW beam operation.
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Figure 7: The comparison of the bunching factor. The blue
and orange lines show the results of the BLonD simulation
using the input RF pattern and the monitored RF voltage
and phase, respectively. The green line shows the experi-
mental result.
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Figure 8: The comparison of bunch shape (top: 0 ms,
middle: 1 ms, bottom: 6 ms). The blue and orange his-
tograms show the results of BLonD simulation using input
RF pattern and monitored RF voltage and phase, respec-
tively. The green line shows the experimental result mea-
sured by WCM.
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Figure 9: RF voltage wave shapes at 1 ms in the case
h = 2,4and h = 2,4,6, respectively. The energy level
that the synchronous particles should receive at this time is
indicated by the green dashed line.
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Figure 10: Potential wells at 1 ms in the case h = 2,4 and
h = 2,4, 6, respectively.
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Figure 11: The trajectories in the RF bucket at 1 ms in the
case h = 2,4 (top figure) and h = 2,4, 6 (bottom figure),
respectively.
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