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Abstract

Advances in fidelity and performance of accelerator mod-
eling tools, in tandem with novel machine learning capa-
bilities, have prompted community initiatives aiming to re-
alize “virtual test stands” that can serve as true analogues
to physical machines. Such efforts require integrated, end-
to-end modeling capabilities with support for parametric
optimization and benchmarking. We present the ongoing
development of an integrated Sirepo application to support
the holistic modeling of accelerators. Our approach lever-
ages existing modeling workflows, such as the Light Source
Unified Modeling Environment (LUME), as well as com-
munity I/O frameworks, such as openPMD, to provide a
toolbox for constructing and modeling beamlines. Users can
build and test simulations using different community mod-
eling tools, as well as connect individual tools to produce
end-to-end simulations. We discuss some specific beam-
line modeling demonstrations as well as ongoing efforts to
support code-agnostic design and development.

INTRODUCTION

Computer modeling is essential to advancing particle ac-
celerator design and operation. Advances in the scale and
sophistication of accelerator facilities have merited commen-
surate advances in modeling complexity. State-of-the-art
modeling tools now permit the inclusion of multi-scale mod-
eling techniques, machine learning enhanced algorithms,
and execution across heterogeneous architectures up to and
including exascale supercomputers. New community ef-
forts are aiming to realize digital twins that can serve as
true analogues to the physical machine, necessitating ad-
ditional inputs to characterize features unique to specific
facility implementations.

This paper outlines the development of a prototype plat-
form for interchangeable modeling of accelerator beamlines
based on the Sirepo platform [1], featuring support for the
specification, execution, and analysis of beamline simula-
tions using MAD-X, elegant, and ImpactX. Demonstra-
tions of these features were made using touchstone facility
models, including the IOTA lattice and PIP-II medium en-
ergy beam transport (MEBT) section at Fermilab as well as
a ring-based demonstration via the BESSY-II synchrotron.
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A SHARED BEAMLINE EDITOR

We first generated a Sirepo-based interface that enables
code-agnostic beamline editing. Our approach was to iden-
tify a common set of shared elements and create a simple
schema to represent lattice objects in a code-agnostic for-
mat. The resulting schema' is leveraged specifically by the
Canvas app when building lattices in the editor.

Figures 1, 2, and 3 depict the lattice editor developed
during this work, which shows the IOTA ring at Fermliab,
and the available lattice elements that can be used to modify
an accelerator design. As with other Sirepo editors, and
to maintain consistency with community design practices,
elements can be grouped recursively into lines, and sub-
sequently joined to create a full accelerator design. The
interface permits individual element modifications, along
with modifications to lines through manual re-arrangement
or via drag-and-drop capabilities within the beamline editor.
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Figure 1: Canvas application illustrating the lattice editor
panel for the IOTA storage ring at Fermilab.

For each shared element, a subset of the total possible
attributes of that element are preserved by the shared Canvas
schema, so as to avoid inconsistencies or loss of informa-
tion during exchange with different codes. Figure 3 depicts
attributes for a quadrupole magnet that can be defined and
shared to create the element model.

PARTICLE DISTRIBUTION EXCHANGE

While much of the accelerator lattice description may be
an independent representation many accelerator simulations

! https://github.com/radiasoft/sirepo/blob/master/
sirepo/package_data/static/json/canvas-schema. json
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Figure 2: The Sirepo Canvas application supports the design
of lattices contained a subset of common elements shared
across elegant,ImpactX, and MadX.

QUADRUPOLE

Figure 3: Within each element type, a subset of common
attributes are supported to enable appropriate exchange be-
tween the executable codes.

serve primarily as particle tracking programs and require
a particle distribution description. Therefore it is essential
that the exchange of particle data information is facilitated
alongside the lattice exchange. At least one ongoing project
to standardize beam information exists in the openPMD [2]-
BeamPhysics standard®. We are primarily concerned with
the exchange of particle data between codes, however, so
while the openPMD standard is supported, and used inter-
nally, in many cases for data transfer, it is not a substitution
for particle data exchange.

For the particle data exchange we have developed a
SwitchYard module — implemented in Python — to read,
write, and store particle data from a variety of codes. The
core SwitchYard maintains a set of readers and writers
for all known codes and stores particle data in an internal
format. Maintaining an internal storage format for the data
exchange is essential so that for N supported codes we need
only develop 2N reader and writers, not N 2 transformations.

2 https://github.com/openPMD/openPMD-standard/blob/
upcoming-2.0.0/EXT_BeamPhysics.md
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However, this is only used as an in-memory presentation. For
cases where the particle data should be stored and a particu-
lar code is not requested we default to using the openPMD
standard. For reading and writing formatted files, where
available we make use of existing libraries. For the common
SDDS standard we prefer the use of pysdds3 a purely-Python
implementation of SDDS.

COMPARATIVE EXECUTION

Our existing beam specification API has been extended to
support file-based import of particle information, capturing
relevant details across multiple formats. As discussed in the
Task 2 accomplishments, the resulting tool leverages two
community standards: the SDDS file format common to
elegant, and the openPMD standard in use by many other
community codes.

New particle distributions can be generated in memory
via a Python-based API that creates beam distributions fol-
lowing prescriptions outlined in the ImpactX code. These
include many standard distributions, including Gaussian,
K-V, Waterbag, and thermal distributions, among others. To
guide the distribution process, the API extracts the relevant
Courant-Synder parameters (when possible) at the starting
location of the lattice, and supplies those to enable automated
matching of the distribution. Figure 4 shows an example
of generating a new Gaussian distribution to the match a
lattice.
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Figure 4: Depiction of the Canvas source generation tab
depicting the creation of a new Gaussian particle distribution
matched to the lattice at the s=0 injection point.

The interface supports execution across three different
codes from the shared lattice. Our strategy leverages exist-
ing Sirepo support for containerized environment including
common accelerator codes and dependencies, which have
been extended to include ImpactX support. Configuration
of the lattice and source produce external files, which are
then coupled to their corresponding executables and run in
the pre-configured environment in a separate section of the
interface.

3 https://github.com/nikitakuklev/pysdds
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We then developed a set of common diagnostics that pro-
vide holistic beamline analyses in tandem with beam-specific
visualizations. Each diagnostic supports (optional) compar-
isons where possible.

Figure 5 depicts a TWISS diagnostic displaying linearized
values of the Courant-Synder parameters f, and f, com-
pared across all three codes. In a similar vein, statistical
beam parameters o, and o, are also provided in a corre-
sponding diagnostic. Figure 5 displays this diagnostic for
elegant and ImpactX simulations. These composite visu-
alizations provide a full s-dependence in a single plot.
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Figure 5: Snapshot of the lattice TWISS and beam sigma
diagnostics from a simulation of the BESSY-II synchrotron
for elegant, MAD-X, and ImpactX. Good agreement is
seen in the f, , parameters for all codes while o, , are in
agreement for elegant and ImpactX simulations.

Additional phase space projections are computed and dis-
played for the user, providing more detailed snapshots of the
beam at varying points along the lattice. Two-dimensional
projections of the horizontal, vertical, and longitudinal phase
space, as well as the X-Y cross-sectional projection can be
produced. The phase space plots are designed to be output at
the beginning and end of the lattice by default; users can add
additional diagnostic locations by adding a “MARKER” ele-
ment to the lattice, which are then accessible in the list phase
space outputs. Users can follow the evolution of each phase
space projection for each code, enabling the identification
of location-specific changes in the projected performance
across models. Figure 6 depicts the horizontal phase space
plotted at s = O (the default location) and s = 62.85m (the
location of the 6th “MARKER” in the lattice).
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Figure 6: The phase space diagnostic depicting horizontal
longitudinal phase spaces from a BESSY-II simulation with
elegant, MAD-X, and ImpactX.
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Figure 7 provides another example of comparative diag-
nostics from a simulation of the MEBT section of the PIP-1I
linac.
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Figure 7: Canvas application displaying diagnostic outputs
from a simulation of the MEBT section of the PIP-II linac.

CONCLUSION

We have developed a baseline API and corresponding soft-
ware interface that supports the design, execution, and com-
parative analysis of accelerator simulations across multiple
community codes, including MAD-X, elegant, and ImpactX.
The developed interface supports code-agnostic definition
of the lattice, using a shared set of common elements with
code-specific translation. The interface supports compara-
tive visualization of lattice parameters, beam properties, and
beam phase space cross sections along the length of the ac-
celerator. Shared file structures and input-output operations
were adopted to streamline coordination and code-agnostic
information exchange.
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