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ABSTRACT
The purpose of this work is to develop and parallelize an accurate and efficient numerical method for the computation of synchrotron radiation from relativistic electrons in the near field. The
high-brilliance electron beam and coherent short-wavelength light
source provide a powerful method to understand the microscopic
structure and dynamics of materials. Such a method supports a
wide range of applications including matter physics, structural biology, and medicine development. To understand the interaction
between the beam and synchrotron radiation an accurate and efficient numerical simulation is needed. With millions of electrons,
the computational cost of the field would be large. Thus, multilevel
parallelism and performance portability are desired since modern
supercomputers are getting more complex and heterogeneous. The
performance model and the performance analysis are presented.

for the electron beam. In section 3, we show the multilevel parallelization scheme of the simulation. In section 4, we introduce the
performance portability and the library, Kokkos. In section 5, the
performance and the performance limitation are presented.
The contributions of this poster are: 1. we showed a novel method
to compute the field with high accuracy. 2. we introduced the concept of performance portability and the library to the audience. 3.
We analyzed the performance and identified the limitation of the
performance in our scheme.
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INTRODUCTION

Synchrotron and X-Ray Free Electron Lasers (XFELs) are extremely
powerful sources of light, such as X-Ray. In the synchrotron, the
accelerated Electrons emit energy While passing through a strong
bending magnetic field. The electron is accelerating along a circular trajectory. The radiation is at X-ray wavelength when the
acceleration is large enough.
In this work, we simulate the coherent synchrotron radiation
which has much large power emission respect to incoherent emission. With the same number of electrons, the power generated from
incoherent emission is proportional to the number of electrons
and the power generated from coherent emission is proportional
to the number of electrons square. At the same time, the electron
beam will be disturbed by the powerful radiation generated from
previous coherent emission 1. In order to obtain a high-quality
electron beam and have a better design of particle accelerator, we
want to understand more about this instability behavior through
the coherent synchrotron radiation (CSR) simulation.
The poster is organized as follow: In section 2, we introduce
a new numerical method to compute the electromagnetic field

Figure 1: Radiation form retarded position

2

FIELD SOLVER

Compared to particle-in-cell type method, the CSR field solver [2],
[3] is more accurate due to low numerical dispersion. At each time
step. At each time, we discretize the wavefront and emit it from
each electron. Next, we advance all the wavefronts that emitted at a
previous time step and compute the field directly using the LienardWiechert equation for those in the region of moving mesh. And
then we interpolate the field at the wavefronts to the co-moving
truncated sector mesh (see figure 2).

Figure 2: The wavefronts and the co-moving mesh
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HYBRID PARALLELIZATION

Since the CSR field solver is more computationally expensive. Thus,
multi-level parallelism is needed.
for each time step do
for each electron do
emit the new wavefronts
update the moving truncated sector mesh
for each wavefront do
for each field direction do
push each wavefront if the wavefront is inside
the mesh then
compute the field on the wavefront

implies that a load or a store cannot be made because the required
data are not available or are fully utilized. And the execution means
that the input required by the instruction is not yet available. In
other words, the kernel is not executing enough blocks to hide
memory latency. The solution is to reduce the data movement between host and device (see figure 6) and at the same time improve
memory locality (flops per byte loaded).

interpolate the fields from wavefronts to mesh push the
particles
Algorithm 1: Parallel region (blue:MPI, teal:GPU) of CSR Field
Solver
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Figure 5: PC sampling

PERFORMANCE PORTABILITY

Modern supercomputers become more complex and heterogeneous.
So the applications need to perform well on different architectures.
With limited financial and human resources, high development
efficiency is also needed.

4.1

Kokkos

Kokkos [1] is a C++ library with parallel patterns and data containers. We choose to use Kokkos mainly because it’s memory access
pattern and layout are architecture-dependent which is important
for the performance on different platforms.
Figure 6: improvement from data movement reduction
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Figure 3: Kokkos performance portability
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PERFORMANCE AND LIMITATION

Here we present overall speedup of the Lienard-Wiechert kernel
for single electron on Power9 with Tesla V100-SXM2-16GB.

Figure 4: overall speed up
For large scale parallelization algorithm, it is more critical to
know what is the performance limit than getting a speedup. The
profiling from NVIDIA profiling tool (see figure 5) shows the performance is bound by Memory bandwidth. The memory dependency
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