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Abstract

The need for an accelerator-community wide approach for the computer simulation of particle accel-
erators has been pointed out in the past and efforts have been made to write codes with wide appeal and
community support. However, none have been wide enough to find general support. As a consequence,
many codes have fallen out of use or can no longer be supported. Others are used in sub-communities but
can not easily be transported to other accelerators or compared to other codes. We therefore intend to
use the Snowmass process to promote a toolkit effort for accelerator simulation, along with standardized
formats. This toolkit approach has been successful in other fields.

∗david.sagan@cornell.edu

1



1 The Problem

• Accelerator simulation is critical to the design, commissioning, operation, and upgrade of accelerator
facilities costing many millions to billions of dollars.

• Accelerator simulation is a large, complex topic.

• Much time and effort has been spent in developing accelerator simulation software.

• Many simulation programs have been abandoned due to developers retiring or moving on to other
projects. For example: AGS, ALIGN, COMFORT, DESIGN, DIMAD, HARMON, LEGO, SYNCH,
TRACY, TRANSPORT, TURTLE, UAL, etc., etc.[1]

• There is a huge impediment to maintaining these programs due to poorly written code and lack of
documentation. Additionally, many of the programs that are available tend to be “rigid”. That is,
it is generally hard to modify a program to simulate something the program is not already setup to
simulate. For instance, adding a new type of lattice element that a particle can be tracked through.

• Abandoned simulation programs represent a huge cost [2]. Not only of the time and money spent
in developing a program, but also in the fact that a researcher, who wants to develop a simulation
program to simulate something that existing programs do not, will not likely be able (due to time and
monetary constraints) to develop from scratch as good a program compared to if the researcher could
leverage code that has already been developed.

• A related problem is that with different authors only thinking about the problem at hand, the possible
sharing of simulation data between programs is often an afterthought if it is considered at all. The
result is that the ability to crosscheck results, which is crucial in validating a programs accuracy,
is hindered. A related LoI addresses the importance of common standards for the compatibility of
accelerator simulation codes [3].

2 Proposal

• To strengthen interoperability and sustainability of accelerator simulation software, and to make it
possible to develop new programs in less time and with less effort and with fewer bugs, it is proposed
that a modular “software toolkit” be developed.

• There are many advantages with a toolkit:

– Cuts down on the time needed to develop programs.

– Since code modules get reused in different programs, there is a greater chance that bugs will be
spotted and therefore the code will tend to have fewer bugs.

– By having modules that can read and write lattice information and data, the sharing of information
between programs is made easier.

• An example of a successful toolkit is Geant4[4] which has helped many researchers solve problems that
would not be possible if the researcher had tried to write the simulation code from scratch.
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• It is envisaged that this toolkit would be part of a proposed wider community of toolkits. [5]. The
policies and standards of this toolkit then would mesh with the ecosystem making it easier to develop
the start-to-end simulations that are needed for the next generation of machines. [6].

• Besides strengthening the maintainability and reusability of existing software capabilities, the toolkit
should contain new capabilities that are needed by the accelerator community. For example, there
is presently no coherent capability for using surface methods to compute transfer maps for realistic
beamline elements, although individual (uncoordinated) capabilities exist in various places.

• Along with the toolkit, it is proposed to develop a general purpose, extensible simulation program that
can do the common tasks that accelerator physicists routinely do such as Twiss and orbit calculations,
nonlinear optimization, lattice design, etc. That is, a program roughly equivalent to what programs
like Tao, MAD, or Elegant can do. This alleviates the need for a researcher to have to do programming
when the researcher only wants to do a common task like calculating the closed orbit.

• Accelerator simulation toolkits already exist: Accelerator Toolbox [7], Bmad [8], Cosy Infinity [9],
Merlin++ [10], Warp [11] and FPP/PTC [12]. So one option would be to further develop one of these
existing toolkits. However, all of these toolkits have drawbacks in terms of long term sustainability
so it is better to develop a new toolbox. To not “reinvent the wheel”, this new toolbox should reuse
existing algorithms and code where ever appropriate.

3 Conclusion

• As evidenced by the numerous accelerator simulation programs that are now no longer maintained
and cannot be used, much time and effort has been spent “reinventing the wheel” when accelerator
simulation software has been developed. Additionally, much time and effort has been spent trying to
use outdated software that was not designed for the task at hand or trying to port lattices or data
from one program to another.

• The development of an accelerator toolkit plus a general purpose simulation program would save many
hours of researchers’ time and thus save many millions of dollars. Essentially, this project would pay
for itself and then some.

• To be effective, this development should be a community effort. A proposal that would help this effort
is the Center(s) for Accelerator and Beam Physics Modeling [13].
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Figure 1: “Piled Higher and Deeper” by Jorge Cham (Cham@www.phdcomics.com). Used with permission.
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