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In accordance with Requirements set forth in Article X of the CRADA, this document is the final
CRADA report, including a list of Subject Inventions, to be forwarded to the Office of Science
and Technical Information as part of the commitment to the public to demonstrate results of
federally funded research.

CRADA number: FRA-2018-0047

CRADA Title: Maximizing the efficiency of plasma-based lepton accelerators
Parties to the Agreement: = Radiasoft, LLC and Fermi Research Alliance, LLC

Abstract of CRADA work:

The next generation of particle accelerators will likely rely on compact accelerating

structures to achieve very high gradients; one such candidate is accelerators using plasmas for
the accelerating structures. Because of the small length scales of these structures, they

can also be prone to the beam break-up instability, which would spoil the quality of the beam
and leave it unsuitable for many applications. The goal of this project is to develop

a framework for understanding the instabilities in plasma accelerators using language

from conventional linear accelerator instabilities, such as wake fields and wake functions.
During the course of this Phase I, we benchmarked a pseudo-spectral particle-in-cell code

to determine its suitability for computing wake functions, and developed a procedure for
extracting wake functions from a sequence of simulations using this code.

Summary of Research Results:

First, we have developed a procedure for extracting the wake functions from field
data generated by the FBPIC code. To the best of our knowledge this is the first
time wake functions have been extracted from particle-in-cell simulations of
plasma accelerators.

Second, we used the hollow plasma channel to develop and study the approaches we
would later use for plasma accelerators. After determining that computing an
impedance would be untenable, we benchmarked FBPIC to analytic results for

the hollow plasma channel and developed an approach for selectively exciting

wake field modes in plasma structures.

Third, having established FBPIC’s accuracy in the hollow channel, we applied the

techniques we developed to study wake functions in an axisymmetric blowout plasma wakefield
accelerator. We developed a diagnostic to test if the trailing wake fields could be derived from a
wake potential, and computed monopole and dipole wake functions to parameterize the linear
response of the plasma wave to a small perturbing charge.
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Fourth, we determined where nonlinear loading of the plasma wave would begin. Then, using the
techniques we developed for isolating the wake functions in the unloaded plasma wave

and the resulting wake functions, we began studying how adding a 300 pC gaussian witness
bunch affects the wake functions computed for the unloaded case.
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