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Why we are here

between multiple stages of a plasma-based linear collider. These simulations will take advantage of our advances in
PIC calculations as well as our numerical optimization framework for tuning beam parameters, setting the stage for
simulations in support of a linear collider design.

1.2 Challenges
This project is motivated by the physics challenges presented by the upcoming generation of conventional and plasma-
based accelerator projects. On the conventional side, the U.S. accelerator program is dedicated to exploring the Inten-
sity Frontier by both upgrading existing machines and building accelerators capable of operating at higher intensities
than ever before. These high-intensity machines are almost always limited by beam losses. Because beam losses lead
to radioactivity in the accelerator components and their vicinity, only a fixed level of loss is tolerable. Therefore, as
intensities increase, an ever-decreasing fractional beam loss is acceptable. To address these issues, more-detailed and
more-accurate simulations are needed. In particular, accurate simulations require both precise modeling of intensity-
dependent beam dynamics effects and a detailed understanding of the particle losses that unavoidably occur. To address
these issues we will enhance the accuracy of the Synergia beam dynamics framework with more detailed space charge
solvers. We will also combine Synergia’s accurate beam dynamics capabilities with the MARS energy deposition code
to perform detailed simulations of both the origin and the end results of intensity-dependent losses. MARS has been
a standard tool for calculating the effects of energy deposition in accelerators for decades. Coupling MARS to a full
beam dynamics simulation with collective effects will allow us to explore the limits of high-intensity accelerators in a
single, coherent simulation.

On the plasma-based acceleration side, the U.S. accelerator program is dedicated to exploring the controlled ac-
celeration of witness bunches of electrons and positrons in the ultra-high gradients of plasma-wave wakefields. At
FACET-II, the wakefields are excited by intense drive bunches of electrons or positrons. To demonstrate controlled
acceleration, the drive and witness bunches must be matched from the long beta function from the conventional op-
tics outside the plasma to a short beta function from the ultra-high focusing forces inside the plasma. This requires
properly tailoring the density profiles as the beams enter and exit the plasma. Furthermore, to demonstrate high effi-
ciency, the witness bunch must have a high charge and must be properly delayed behind the drive beam. In addition,
accelerating positrons is significantly more challenging. Ideas for accelerating positrons include using quasi-linear
wakes, hollow channels, and wakes excited by electron beams. FACET-II offers impressive flexibility in providing the
necessary beam parameters to study all of this physics. This flexibility will lead to greater choices when designing
experiments. As a result, additional simulation tools for rapidly probing the available parameter space to identify
optimal experimental designs will be necessary. Furthermore, the parameters necessary for a next-generation linear
collider, particularly the emittance and beam charge of the drive and witness bunches are not available at FACET-II.
High-fidelity simulations of a plasma-based acceleration linear collider will require higher resolution around the wit-
ness beam, which can have a spot size several orders of magnitude smaller that the size of the acceleration structure. In
order to provide this accuracy while maintaining computational efficiency, adaptive mesh refinement will be required
in the plasma-based acceleration software.

In addition to these physics challenges, we also face a number of computational challenges. The high-performance
computing (HPC) landscape is undergoing rapid change. In order to maintain its current performance, our software
must effectively utilize the next generation of computing hardware. But these ever-expanding computational capa-
bilities, if properly used, will allow the ComPASS-4 simulations to accurately model accelerators at levels that were
previously impossible.

1.3 Computational Approach
ComPASS-4 will address these computational aspects of the physics challenges in four ways. Our project will

1. enhance particle-in-cell (PIC) methods on modern HPC platforms,

2. develop ASAP, an advanced suite of Poisson solvers to meet the needs of beam dynamics and plasma acceleration,

3. create POPAS a computational platform for accelerator simulations that will facilitate parameter optimization by
taking advantage of the parallelism available in tuning and enhancement scenarios, and

4. enable coupling between existing simulation software for enhanced capabilities.
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Coordinating with the ASCR Institutes

The SciDAC-4 Coordination Committee (S4CC for short) will serve as a focal point for 
activities that include facilitating interactions between the Institutes and the Partnerships, and 
with the broader science community as well as identifying and assessing cross-cutting issues, 
topics and emerging needs within the SciDAC-4 community. The committee was formed in late 
2017 and consists of the SciDAC-4 Institute Directors along with points of contact (POCs) from 
each Partnership area.

Early activities by the S4CC will focus on building collaborations between the Institutes and 
the Partnerships and developing a long-term strategy for maintaining effective 
communication between these projects. In the mid-term, S4CC will look outward to help the 
SciDAC-4 community to interface with facility experts and to find opportunities for broader 
deployment of SciDAC-4 applied math and computer science technologies.
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Dinner tonight

http://twobrothersbrewing.com/restaurants/tap-house/
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Directions
TWO BROTHERS TAP HOUSE
30W315 Calumet Ave, Warrenville, IL
P: (630) 393–2337


