Integrated Analysis of the Clandestine FRC Propulsion
Ecosystem

Part 1: The Dual Origins (c. 1983 — 2005)

The United States' pursuit of a revolutionary aerospace platform powered by Field-Reversed
Configuration (FRC) plasma physics did not emerge from a single research initiative. A deep
analysis of the program's history reveals a sophisticated strategy built upon two distinct but
parallel foundational lineages. The first, rooted in the national security establishment, focused
on the high-density plasma physics required for a compact fusion device and was born within
the U.S. national laboratory system. The second, driven by the aerospace community, focused
on the direct application of FRCs for in-space propulsion and originated within NASA.

1.1 The National Security Lineage: Foundational Physics at Los Alamos

The scientific bedrock of the modern clandestine "black" track program was established during
decades of unclassified research at Los Alamos National Laboratory (LANL). A cornerstone of
this institutional knowledge is the 1983 paper, “*Adiabatic compression of elongated
field-reversed configurations." This seminal work established the fundamental scaling laws
governing how an FRC plasma behaves under magnetic compression, providing a theoretical
roadmap for using this method to efficiently heat the plasma to fusion-relevant temperatures
(Spencer, Tuszewski, & Linford, 1983). The paper's focus on a highly elongated FRC was
critical, as this geometry provides significant stabilizing effects against the destructive n=1 "tilt
mode" instability that plagued early experiments (Tuszewski, 1988).

This foundational work continued at LANL through the 1990s and early 2000s, centered on the
Magnetized Target Fusion (MTF) program. The MTF concept was championed as a low-cost
path to fusion, but by 1999, it faced the termination of its institutional funding, creating a
strategic opportunity for another entity to acquire the research (Siemon, 1999). A key hardware
component of this program was the Field Reversed Experiment-Liner (FRX-L), a plasma
injector active in the 2001-2003 timeframe designed to produce high-density FRCs suitable for
compression experiments (Wurden et al., 2003). The scientific team for these projects included
key personnel such as Richard E. Siemon, Kurt F. Schoenberg, G.A. Wurden, and M.G.
Tuszewski.

The "orphaning" of the MTF program at LANL provided the opening for the Skunk Works®
clandestine program to absorb this institutional knowledge base. The transfer was accomplished
via the direct recruitment of human capital, with LANL plasma physicist Gabriel Ivan Font
serving as the key vector (Clandestine Aerospace Initiative Analysis, n.d.).




1.2 The Aerospace Propulsion Lineage: The NASA FAST & PTX Experiments

Running parallel to the LANL research was a separate lineage for FRC technology, originating
within NASA and focused explicitly on propulsion. This research track served as the direct
precursor to the "gray track" efforts at MSNW LLC.

The foundational project was the FRC Acceleration Space Thruster (FAST) experiment,
active at NASA's Marshall Space Flight Center (MSFC) around 2002. The explicit goal of FAST
was to investigate the use of a repetitive FRC source as a high-performance thruster for Nuclear
Electric Propulsion (NEP) systems, targeting a specific impulse in the range of 5,000-25,000
seconds (Martin, Eskridge, & Houts, 2002). By 2003, this work evolved into the Plasmoid
Thruster Experiment (PTX), which continued to investigate the acceleration of compact toroids
for propulsion (Eskridge, Martin, & Smith, 2005).

This research was a collaboration between a core team at NASA and a key academic partner.
The NASA MSFC personnel included Adam Martin, Richard Eskridge, and Mike Houts. The
crucial academic partner was Dr. John Slough of the University of Washington (Martin,
Eskridge, & Houts, 2002). After the research phase at NASA concluded, the specific
technological concept of an FRC-based thruster was vectorized into the private sector through
Dr. Slough, who subsequently founded MSNW LLC to mature the technology.

Part 2: The Strategic Bifurcation (c. 2005 — 2017)

Following the foundational research at LANL and NASA, the FRC ecosystem entered a new
phase characterized by privatization and a deliberate strategic split. The core FRC propulsion
concept was vectorized out of the public domain and into an agile "gray track" entity, MSNW
LLC, founded by the key academic partner from the NASA experiments, Dr. John Slough.
Subsequently, a portion of this team spun out to form Helion Energy, creating a parallel
commercial track. This bifurcation allowed the ecosystem to pursue a high-risk, clandestine
military application while simultaneously developing a public-facing.commercial application that
could attract massive private capital, build a broad industrial base, and serve as a talent
incubator.

2.1 The "Gray Track": MSNW's Propulsion Focus

After the conclusion of the NASA-funded FAST and PTX experiments, Dr. John Slough founded
MSNW LLC to continue and mature the FRC propulsion concept (Fusion Propulsion Intelligence
Tasking, 2025). The company successfully leveraged the Small Business Innovation Research
(SBIR) program, receiving grants from NASA and the DoD to advance the "Fusion Driven
Rocket" (Slough, 2012). During this period, MSNW served as the crucial incubator for the talent
that would later form Helion, including key engineer Anthony Pancotti, who served as the
company's Propulsion Lead (Pancotti, 2017).



The technological approach developed at MSNW, and detailed in its patents, represents a
direct, brute-force application of physics for maximum performance, optimized for a military or
aerospace mission where raw power density is the primary metric.

Physics and Mechanism: MSNW's patents describe a Magneto-Inertial Fusion (MIF)
concept. This method involves inductively collapsing a metal shell or liner around a
single FRC plasma to achieve the extreme pressures and temperatures required for
fusion (Slough, 2016). This is a violent, single-shot event designed to create a directed
explosion for thrust.

Patents: The core of this work is detailed in patents such as US9524802B2, "Apparatus
and methods for fusion based power generation and engine thrust generation," which
explicitly details this MIF approach (Slough, 2016). Other patents, like US10760552,
focus specifically on the design of a "plasma thruster” using rotating magnetic fields
(Slough, 2020).

Inferred Fuel Cycle: This propulsion-optimized system, which requires maximum power
density in a compact volume, would almost certainly use the Deuterium-Tritium (D-T)
fuel cycle. D-T is easier to ignite and has a higher power output than cleaner, aneutronic
fuels. The use of a metal liner to absorb the fusion products and serve as propellant
mass strongly implies a neutronic fuel cycle like D-T (FRC Physics and Network
Analysis, 2025).

2.2 The Commercial Spin-Off: Helion Energy’s Electricity Focus

In 2013, the core team that had coalesced at MSNW—including Dr. David Kirtley, Chris Pihl,
Dr. George Votroubek, and Dr. John Slough—spun out to form Helion Energy (Helion Energy
Clandestine Propulsion Links, 2025). This new entity was founded with a different strategic
objective: re-engineering the FRC concept for clean, commercial electricity generation. This
pivot required a fundamentally different engineering philosophy and is reflected in Helion's
distinct intellectual property.

Physics and Mechanism: Helion's patented technology centers on a pulsed,
non-ignition approach where two FRC plasmoids are formed, accelerated, and collided
to achieve fusion conditions. This FRC-FRC collision and merging process adds kinetic
energy and enhances the stability of the target plasma (FRC Physics and Network
Analysis, 2025).

Patents: Helion's foundational patents, such as US11469003B2, focus on an "Advanced
fuel cycle and fusion reactors utilizing the same," and US11049620B2, which details the
"recovery of energy therefrom" (Kirtley et al., 2022; Slough et al., 2021).

Fuel Cycle and Energy Conversion: A key innovation in Helion's model is the focus on
an aneutronic Deuterium-Helium-3 (D-*He) fuel cycle. This minimizes neutron radiation
and enables a high-efficiency (>95%) inductive direct energy conversion system,
where the expanding plasma pushes against the confining magnetic field to generate



electricity directly (Helion Energy, n.d.). This entire architecture is engineered for the
specific requirements of a sustainable, grid-scale power plant.

This deliberate bifurcation demonstrates a sophisticated portfolio strategy. The MSNW track was
optimized for a clandestine military application where performance was the only metric, while
the Helion track was optimized for the public commercial market, allowing it to attract private
capital and solve different long-term engineering challenges.

Part 3: Program Maturation & The Human Capital Nexus (2017 — Present)

This phase of the FRC ecosystem's development is defined by a critical divergence. The MSNW
"gray track" transitions to a fully clandestine operational posture, while the Helion commercial
track achieves major public milestones, validating the underlying physics for the entire
ecosystem. This period is also defined by the career of engineer Anthony Pancotti, who
emerges as a key human bridge between the two firewalled worlds.

3.1 The "Gray Track" Goes Dark: MSNW's Clandestine Transition

The most compelling evidence for MSNW LLC's transition to a clandestine program is its
disappearance from public records, which coincides with a major increase in its technical
leadership. A comprehensive analysis of public federal award databases indicates that MSNW
LLC's consistent record of receiving R&D contracts from government agencies ceased after
2017 (Fusion Propulsion Intelligence Tasking, 2025). This cessation of public funding is made
more significant by the simultaneous return of its founder, Dr. John Slough, who departed Helion
Energy in May 2018 to resume his role as President of MSNW LLC (Fusion Propulsion
Intelligence Tasking, 2025).

The convergence of these two events—an increase in capability and a disappearance from
public funding records—is a classic signature of a technology transitioning into a formal,
classified Program of Record (Fusion Propulsion Intelligence Tasking, 2025). This assessment
is further supported by the absence of public-facing indicators that would be expected from a
company operating in the open defense market. For instance, a systematic search of public job
boards for employment opportunities at MSNW LLC requiring a security clearance yields a
negative finding (Fusion Propulsion Intelligence Tasking, 2025). Recruitment for such a program
would occur through secure channels, not public job postings, making the absence of public
signals evidence of professional operational security.

3.2 The Commercial Standard-Bearer: Helion's Public Validation

While MSNW "went dark," the parallel commercial track, Helion Energy, achieved a major public
milestone. In a presentation at the American Physical Society Division of Plasma Physics (APS
DPP) meeting, a team from Helion detailed experimental results from their sixth-generation
prototype, "Trenta," which successfully used deuterium-deuterium (D-D) fusion neutron yield
measurements to experimentally verify the fundamental FRC scaling laws (Hua et al., 2024).
This result serves as a direct, modern validation of the foundational physics first described



theoretically in the 1983 LANL paper (Spencer, Tuszewski, & Linford, 1983). The successful
neutron measurements provide an end-to-end validation of Helion's complex, integrated system
and implicitly support their patented direct energy conversion model (FRC Physics and Network
Analysis, 2025).

3.3 The Human Bridge: A Deep-Dive Profile of Anthony Pancotti

Anthony Pancotti has been identified as a critical human capital vector, serving as an ongoing
technical bridge between the clandestine propulsion track at MSNW and the commercial energy
track at Helion. His career demonstrates a unique and deliberate trajectory through the key
government and private-sector institutions involved in advanced propulsion.

His professional path began as a Senior Scientist at the Air Force Research Laboratory (AFRL)
at Edwards Air Force Base from 2007 to 2011. He then transitioned to MSNW LLC, serving as
Propulsion Lead from 2011 to 2020. Beginning in 2016, his career began to overlap with Helion
Energy, where he has held senior roles including his current positions as Chief of Staff and
Head of R&D (Fusion Propulsion Intelligence Tasking, 2025).

Pancaotti's intellectual property portfolio is bifurcated, proving his expertise in two distinct
applications of FRC technology. At MSNW, his work was exclusively focused on propulsion,
serving as the "Mission Analysis and Spacecraft Design Lead" on the 2012 NASA report for the
"Fusion Driven Rocket" and publishing on concepts like the "Electrodeless Lorentz Force (ELF)
Thruster" (Slough, 2012; Pancotti, 2017). Conversely, his recent patent applications at Helion
address the core engineering challenges of a commercial power plant, including "Coatings on
Inner Surfaces of Particle Containment Chambers," "Ceramic Fibers for Shielding in Vacuum
Chamber Systems," and methods for generating a "Pulsating, High-Strength Magnetic Field"
(Pancotti, 2024; Pancotti, 2025). His co-authorship on the 2024 Helion paper detailing the
Trenta experimental results confirms his active, ongoing technical involvement with the
commercial track, facilitating a continuous exchange of expertise between the two programs
(Hua et al., 2024).
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