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Abstract

The longitudinal simulation code BLonD (Beam Longitudinal Dynamics), which is being developed by CERN, has accurate
compute capability and excellent expandability. Recently, BLonD has been used for longitudinal simulations of the J-PARC
3GeV Synchrotron (RCS). We were able to construct a model that reproduces well the behavior of the beam in the RCS using
BLonD. A long computation time is a problem, for simulations including collective effects. The latest version of BLonD becames
capable of fast simulations using a GPU backend. In this article, we report benchmark results of the BLonD GPU backend,

focusing on longitudinal simulations of the RCS.
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Table 1: Parameters of J-PARC RCS

Energy 0.400 - 3 GeV
Beam intensity 8.33%10% ppp
Harmonic number 2

Repetition rate 25 Hz
Acceleration period 20 ms
Circumference 348.333 m
Accelerating frequency  1.227 - 1.671 MHz
Max. Acc. Voltage 440 kV

Number of cavities 12
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Figure 1: The macro-particle distributions and space charge
effect when the number of bins are 100 with two different
macro-particle numbers (top, middle). Parabolic distribution
and space charge effect (bottom).
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Figure 2: The time variation of the RF voltage for the each
harmonic component. The solid lines shows the input RF pat-
tern and the dashed lines shows the monitored RF voltage up
to h = 8 measured at the IMW beam operation.
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Figure 3: The time variation of the monitored RF phase up to
h = 8 at the IMW beam operation.
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Table 2: Machine Specification

oS Ubuntus 20.04.6 LTS
CPU Intel(R) Core 19-9900K
core, threads 8,16

GPU Quadro RTX 5000
memory 16 GB GDDR6
CUDA core 3,072

NVIDIA driver version  550.54.14

CUDA version 12.4

13.2.0
2.1.11

CuPy version

BLonD version
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Figure 4. The comparison of the bunching factor. The red
dotted line shows the result of using CPU only and blue line
shows the result of using GPU backend. The green line shows
the experimental result.
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Figure 5: Comparison of computation time. Red line shows
results using CPU only. The blue line shows the results using
the GPU backend (top). The purple line shows the ratio of
time (bottom).
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Figure 6: Comparison of computation times with the vertical
axis on a logarithmic scale.
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