Comprehensive Assessment of the
Expanded FRC Propulsion Ecosystem
and the Role of Field Propulsion
Technologies

Part I: Deep Assessment of the Field Propulsion
Technologies (FPT) Vector

This section provides a definitive intelligence picture of Richard Banduric and Field Propulsion
Technologies (FPT), establishing the technical credibility and strategic role of this 'gray track'
entity within the broader U.S. advanced propulsion portfolio. The analysis confirms FPT as a
government-vetted developer of dual-use technologies with a tangible hardware focus,
operating as a parallel R&D vector to other clandestine efforts.

Technical Deep Dive: Metamaterials and Directed Energy

FPT's research program is bifurcated, consisting of a public-facing, esoteric theoretical
framework and a tangible, government-funded hardware development effort. The hardware
program, focused on metamaterials for both propulsion and directed energy, provides the
basis for assessing the technology's maturity and strategic importance.

Analysis of "Metamaterial Composite Conductors"

The core propulsion technology pursued by FPT is described in its federal grant applications
as being based on "metamaterial composite conductors" engineered to amplify "unresolved



n

longitudinal Ampere Tension forces"." This terminology provides a conventional physics
framing for a concept rooted in a more unconventional theoretical foundation.

Mechanism and Theoretical Framework: Banduric's own theoretical papers and public
presentations articulate a framework he terms "New Electrodynamics".' This framework
posits that the standard Heaviside-Gibbs vector formulation of Maxwell's equations is
incomplete for describing electrical convection currents (the movement of charged
objects through space). Banduric's work revisits James Clerk Maxwell's original, more
complex bi-quaternion formulation, arguing it contains terms describing a "complex
electric field" and a "Scalar Electric Potential" that were improperly discarded.' According
to this theory, the controlled interaction of these relativistic fields, amplified by specific
geometries and advanced materials, can be engineered to produce a net propulsive force
without the expulsion of reaction mass.’

Precise Metamaterial Properties: The NSF Phase Il SBIR award abstract (2423107)
provides the most specific public identification of the material, describing it as a "new
class of specially engineered metamaterial, based on a special graphene composite".
Banduric's public statements elaborate on this, suggesting composite conductors that
blend conductive and insulating properties, possibly utilizing nanoparticle structures
where accelerated charges tunnel between closely spaced particles to generate force.”
This aligns with the broader field of conductive composites, where electrical properties
such as conductivity and dielectric permittivity are tuned by combining conductive fillers
(like graphene or metallic nanoparticles) with an insulating matrix (like a ceramic or
polymer) to achieve novel effects.’

Technology Readiness Level (TRL) Assessment: The NSF Phase Il award abstract
provides the most concrete data for a TRL assessment. It states that a "lab prototype"
has achieved "technical proof-of-concept” by producing "external forces as large as a
few millinewtons, using currents in the range of a few milliamperes".? This demonstrated
performance corresponds to

TRL 3 (Analytical and experimental critical function and/or characteristic
proof-of-concept). The stated objective of the Phase Il award is to scale up this
prototype to generate "up to tenths of newtons of force" and validate the strengthened
metamaterial in "conditions representative of the space environment".? A successful
completion of this phase would advance the technology to

TRL 4/5 (Component and/or breadboard validation in laboratory/relevant
environment).

Analysis of the "Compact Radiation Emitter”

The dual-use nature of FPT's core technology is definitively established by a major contract
from the Air Force Research Laboratory (AFRL) for a directed energy weapon. This application



appears to be the most mature and well-funded aspect of FPT's portfolio.

e Dual-Use Application and Specifications: AFRL Phase Il SBIR contract
FA8649-24-P-1048 provides $1,249,947 for a "compact radiation emitter" designed for
the "nondestructive deactivation of electronic equipment in weapons and vehicles".! This
explicitly defines the technology as a non-kinetic, counter-electronics directed energy
weapon. The intended targets—including "swarms of autonomous drones, incoming
nuclear warheads, and as a defense against Electromagnetic Pulse (EMP)
attacks"—strongly imply a High-Power Microwave (HPM) system." HPM weapons typically
operate in the 300 MHz to 300 GHz frequency range, using intense electromagnetic
pulses to disrupt or permanently damage unshielded electronic systems over a broad
area.'” Banduric's technical claims differentiate his approach, suggesting the effect is
generated by a form of "longitudinal radiation" emitted from the ends of an antenna-like
structure, a departure from conventional HPM source design.®

e Technology Readiness Level (TRL) Assessment: The award of a Phase Il SBIR contract
for a hardware prototype indicates the technology has already demonstrated
proof-of-concept and passed TRL 3. The objective of the Phase Il effort is to develop and
demonstrate a prototype system. This places the "compact radiation emitter" at a current
assessed TRL of 4, with a programmatic goal of achieving TRL 5/6
(Component/subsystem validation in a relevant environment) by the contract's
conclusion in mid-2026.°

Non-Public Connections to National Laboratory or Defense Programs

A comprehensive search for formal, non-public agreements such as Cooperative Research
and Development Agreements (CRADAs) between FPT and any national laboratories or prime
defense contractors yields a definitive negative finding.” Likewise, Banduric's professional
history does not show any direct employment or formal advisory roles with these institutions.'

The absence of these traditional firewalled links, however, is not an intelligence gap but rather
a key indicator of FPT's specific role within the clandestine portfolio. The U.S. government's
engagement with Banduric and FPT appears to be managed exclusively through the curated
"network weaving" activities of government program managers, most notably Dr. Anna
Brady-Estevez of the NSF." Sanctioned, interagency events like the "US Space Disruptors Day"
conference and the NASA-affiliated "Ecosystemic Futures" podcast serve as the primary,
monitored interface for FPT within the broader advanced concepts community.' This indicates
a deliberate strategy to cultivate FPT as a parallel, independent ‘gray track'—providing a
hardware-based alternative to other speculative approaches—rather than as a direct support
node for an existing 'black' program. The government is fostering intellectual cross-pollination



at the leadership level within controlled forums, while maintaining strict operational
compartmentalization at the working level.

Part ll: Dossiers on the Expanded FRC Propulsion
Ecosystem

The following dossiers provide a detailed analysis of each newly identified stakeholder,
assessing their direct and indirect links to the clandestine FRC propulsion ecosystem.

Advanced Research Projects Agency-Energy (ARPA-E)

e Specific Technical Contributions to FPT/UnLAB/MSNW: No direct contributions
found. However, ARPA-E's historical programs, such as ALPHA (Accelerating Low-cost
Plasma Heating and Assembly) and GAMOW (Galvanizing Advances in Market-aligned
fusion for an Overabundance of Watts), funded foundational research in enabling
technologies critical to the entire ecosystem, including compact toroids (spheromaks),
Magneto-Inertial Fusion (MIF), and pulsed power systems.’

e Non-Public Funding Mechanisms and Sponsorship: No information found. ARPA-E's
funding is typically public.

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: ARPA-E programs have directly resulted in the
creation of seven private fusion companies, including Zap Energy and Realta Fusion. This
demonstrates a direct flow of talent from government-funded research into the
commercial sector, creating a broader talent pool that clandestine programs can monitor
and recruit from.”

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: ARPA-E functions as a high-risk technology
incubator and feeder program. It de-risks novel fusion concepts and enabling
technologies that are too speculative for mainstream DOE funding but could provide
essential breakthroughs for both commercial energy and clandestine propulsion. Its
funding of compact toroid concepts and related technologies provides an indirect but
significant thematic link to the 'gray' and 'black’ tracks.’



Breakthrough Energy Ventures (BEV)

Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
Non-Public Funding Mechanisms and Sponsorship: BEV is a private, investor-led fund
and does not provide public or government funding. It is a primary capital provider in the
commercial fusion sector, with significant investments in Commonwealth Fusion Systems,
Zap Energy, and Pacific Fusion.'

Precise Intellectual Property Overlaps and Transfers: No information found.

Detailed Human Capital Flow Analysis: The integration of its key investors, such as
Sam Altman (also an investor in Helion), into high-level Western national security forums
like the annual Bilderberg Meetings demonstrates a potential interface between the
commercial tech world and the national security establishment where strategic
technology is discussed.’

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: BEV functions as a primary commercial capital
accelerator. By injecting billions of dollars of patient capital into the private fusion
industry, BEV significantly accelerates the maturation of the entire U.S. fusion industrial
base (technologies, supply chains, human capital) from which clandestine programs can
indirectly benefit.’

China Fusion Energy Co. (CFEC)

Foreign Intelligence Collection Targets and Counterparts: CFEC is the central
coordinating body for China's "whole-of-nation" approach to fusion commercialization,
established in 2025 as a subsidiary of the China National Nuclear Corporation (CNNC)." It
is the primary organizational vehicle for China's strategic push into fusion, which is
explicitly viewed as a dual-use technology underpinning national security and the
development of "next-generation...weapons technologies".' The explicit mention of
state-backed research into various technical routes, including tokamak, inertial
confinement, and

linear field-reversed configuration (FRC) in Sichuan province, is a direct indicator of
competitive efforts in technologies highly relevant to the U.S. clandestine program and

makes CFEC and its partners primary intelligence targets.’

China’s Fusion Engineering Test Reactor (CFETR)



e Foreign Intelligence Collection Targets and Counterparts: CFETR is China's
next-generation magnetic confinement (tokamak) device, serving as the primary ‘white
track' national R&D platform and the institutional successor to the EAST reactor.’ While it
is a tokamak and not an FRC, the development of its advanced subsystems—including
high-field superconducting magnets, plasma heating and control systems, and advanced
materials—will advance China's overall fusion technology base, which is explicitly linked
to national security and defense modernization goals." The progress of CFETR serves as a
direct and observable measure of China's capabilities in large-scale, advanced nuclear
engineering projects.

Commonwealth Fusion Systems (CFS)

e Specific Technical Contributions to FPT/UnLAB/MSNW: No direct contributions
found.

e Non-Public Funding Mechanisms and Sponsorship: No information found. CFS has
raised over $2 billion in private funding (including from BEV) and participates in public
DOE programs like the Milestone-Based Fusion Development Program and INFUSE."

e Precise Intellectual Property Overlaps and Transfers: CFS holds a significant patent
portfolio (57 patents as of 2023) focused primarily on high-temperature superconducting
(HTS) magnets fabricated from Rare Earth Barium Copper Oxide (REBCO) tape.' No
patents citing FRC or compact toroid technology were found.?

Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: CFS provides a strong indirect/thematic link to
the 'black’ track. The Skunk Works® CFR is a compact, high-field device that requires
advanced superconducting magnets to achieve its performance goals. CFS's work in
developing and industrializing HTS magnet technology is a critical, unclassified R&D
effort that directly benefits the entire high-field fusion ecosystem. The supply chains,
manufacturing techniques, and personnel expertise developed by CFS for HTS magnets
are directly transferable and highly relevant to the needs of the 'black' track. Their formal
participation in DOE's Milestone and INFUSE programs (e.g., with ORNL on irradiated
tungsten testing) places them squarely within the government-cultivated innovation
network that can be monitored for technology maturation and talent acquisition.’

Comprehensive Research Facility for Fusion Technology (CRAFT)



Foreign Intelligence Collection Targets and Counterparts: CRAFT is China's primary
engineering and technology testbed for fusion reactor components, located in Hefei.' Its
focus on practical engineering challenges, such as the development of robust,
radiation-hardened remote handling and maintenance systems, is a direct indicator of
China's progress toward operational fusion systems. These technologies are inherently
dual-use, applicable to any advanced nuclear system, including potential military
applications. The platform's ability to handle heavy payloads (up to 60 tonnes) with high
precision suggests a capability to service large, complex nuclear hardware, making it a
key facility to monitor."

Department of Energy (DOE)

Specific Technical Contributions to FPT/UnLAB/MSNW: The DOE is a direct and
essential component of the clandestine propulsion ecosystem. It provides funding to key
‘gray track' support nodes like Woodruff Scientific for research directly relevant to the
'black' track's FRC program (e.g., compact torus research).’

Non-Public Funding Mechanisms and Sponsorship: The DOE manages the INFUSE
and FIRE programs, which function as the primary "permeable membrane" for
technology and talent transfer from the commercial sector to the clandestine tracks via
the national labs.’ These public-private partnership structures provide a sanctioned,
firewalled mechanism for the national security apparatus to harvest innovation.

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: The DOE is the central architect and primary
funder of the U.S. national fusion ecosystem. The national laboratories it manages (LANL,
LLNL, ORNL, PPPL) form the scientific bedrock of the entire U.S. fusion enterprise,
including the Skunk Works® CFR program, which has its scientific lineage in early FRC
and MTF research at LANL.

Experimental Advanced Superconducting Tokamak (EAST) reactor

Foreign Intelligence Collection Targets and Counterparts: EAST is China's flagship
‘white track' experimental fusion device, operated by the Institute of Plasma Physics,
Chinese Academy of Sciences (ASIPP) in Hefei." Its record-setting performance in



long-pulse, steady-state operation demonstrates China's growing mastery of the
complex physics and engineering required for a viable fusion reactor. While EAST is a
tokamalk, its success provides a direct measure of China's capabilities in key
fusion-relevant technologies (superconducting magnets, plasma control) that are
transferable to other confinement concepts, including those with military applications. Its
progress is a key benchmark for assessing the U.S.-China strategic competition in fusion
energy.’

Fusion Innovation Research Engine (FIRE) Collaboratives

Specific Technical Contributions to FPT/UnLAB/MSNW: No direct contributions
found.

Non-Public Funding Mechanisms and Sponsorship: The FIRE program, established by
the DOE in 2023, is a public funding mechanism designed to create a "fusion innovation
ecosystem" by forming large, multi-institutional teams to solve critical cross-cutting
challenges.?” No projects with a specific FRC focus have been identified.?®

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: The collaboratives bring together personnel
from across the entire U.S. fusion landscape. For example, the FC-FIRE collaborative,
focused on the fusion fuel cycle, is led by Savannah River National Laboratory and
includes LANL, ORNL, General Atomics, and Commonwealth Fusion Systems as
members.’

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: The FIRE program serves as a critical
"permeable membrane" for technology and knowledge transfer. By bringing together the
national labs (LANL, LLNL, ORNL) that form the core of the government's nuclear
expertise with leading private companies, it creates a formal channel for the clandestine
programs to access and influence the direction of research in areas of critical
importance, such as materials science (SWIFT-PFCs, IMPACT) and tritium handling
(FC-FIRE), without direct engagement.’

General Atomics (GA)

Specific Technical Contributions to FPT/UnLAB/MSNW: GA is a critical supplier and
knowledge base for the clandestine program. Their world-leading expertise in
high-power Neutral Beam Injector (NBI) systems, HTS magnets (manufacturing the
massive Central Solenoid for ITER), high energy density pulsed power systems, and



advanced plasma diagnostics directly maps to the requirements of the Skunk Works®
CFR program.’

e Non-Public Funding Mechanisms and Sponsorship: GA's Electromagnetic Systems
(GA-EMS) division holds numerous defense contracts, including a March 2024 contract
with Lockheed Martin Space for satellite payloads. This existing high-level corporate
relationship with Lockheed Martin provides a plausible, firewalled procurement channel
for sensitive components.”’

e Precise Intellectual Property Overlaps and Transfers: No patents explicitly citing FRC
or compact toroid technology were found assigned to General Atomics.* A patent
assigned to the separate Canadian company General Fusion Inc. was found related to
compressing a compact toroid with a liquid metal funnel.’

Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: GA is a foundational research provider, critical
supplier, and systems integrator. Their participation in FIRE collaboratives (TINDER,
FC-FIRE) alongside LANL and LLNL further solidifies their role as a central node in the
government-managed R&D network.'

Helion Energy

e Specific Technical Contributions to FPT/UnLAB/MSNW: Helion's entire research
program is thematically aligned with the Skunk Works® CFR program, as both are based
on FRCs. Their work on high-beta FRC plasma physics, pulsed magnetic compression,
and direct energy conversion is directly and highly relevant.’

e Non-Public Funding Mechanisms and Sponsorship: No information found. Helion has
raised over $1 billion in private capital and received a 2015 ARPA-E award.'

e Precise Intellectual Property Overlaps and Transfers: Helion holds a substantial
patent portfolio. Key patents, such as US9524802B2 and US9082516B2, explicitly
describe apparatus for "fusion based power generation and engine thrust generation,"
creating a direct IP link between their FRC technology and propulsion applications.” No
patents assigned to Helion were found that cite MSNW.*

e Detailed Human Capital Flow Analysis: A direct human capital link to the ‘gray' track is
established through personnel overlap with MSNW LLC. Founder Dr. John Slough
departed Helion in 2018 to return to MSNW.’

Anthony Pancotti has held overlapping and sequential senior roles at both MSNW
(Propulsion Lead, 2011-2020) and Helion (General Manager, Head of Special Projects,
Chief of Staff, 2016-Present), functioning as a "human capital bridge" between the two
key FRC entities." His patent portfolio reflects this dual focus, with propulsion-specific
work at MSNW and power-plant-focused IP at Helion.*?



Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: Helion's progress serves as a highly valuable,
unclassified testbed and data source for the fundamental physics challenges (e.g.,
stability) faced by the 'black’ track. Their 2025 INFUSE collaboration with PPPL's FRC
theory expert, Dr. Elena Belova, on FRC stability simulations further integrates them into
the national R&D network where this data can be harvested by the clandestine
ecosystem.’

Innovation Network for Fusion Energy (INFUSE)

Specific Technical Contributions to FPT/UnLAB/MSNW: No direct contributions
found.

Non-Public Funding Mechanisms and Sponsorship: INFUSE is a public DOE program
providing awards for private companies to collaborate with national labs and universities.’
No awards with a specific FRC focus were identified in the latest funding rounds, though
a 2025 award to Helion and PPPL focuses on FRC stability *, and past awards to TAE
Technologies and LANL/PPPL were FRC-relevant.?

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: INFUSE is a primary example of the "permeable
membrane" model. It creates a formal, unclassified interface between the private sector
(e.g., Helion, CFS) and the national laboratories (LANL, PPPL, ORNL) that form the
scientific backbone of the clandestine programs. Through INFUSE, the national labs gain
direct insight into the technical hurdles and innovative solutions being developed by
leading companies. This knowledge can then flow internally within the labs to inform the
‘black’ and ‘gray' tracks without any direct, compromising contact between the
clandestine programs and the private companies.’

ITER (International Thermonuclear Experimental Reactor)

Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: ITER provides an indirect/thematic link. While its



tokamak design is not directly relevant to the FRC-based clandestine program, the
engineering challenges it solves are. The development of industrial-scale
superconducting magnet manufacturing (e.g., by General Atomics for the Central
Solenoid) advances the industrial base for a critical technology required by the 'black’
track. U.S. national labs (ORNL, PPPL) involved in US-ITER gain invaluable experience in
fusion engineering and technology integration, strengthening the core capabilities that
support the clandestine ecosystem.’

Lawrence Livermore National Laboratory (LLNL)

e Specific Technical Contributions to FPT/UnLAB/MSNW: LLNL's historical Ring
Acceleration Experiment (RACE) provides a direct, albeit dated, research lineage for
compact toroid acceleration relevant to propulsion concepts.'

e Non-Public Funding Mechanisms and Sponsorship: LLNL has a formal Cooperative
Research and Development Agreement (CRADA) with Pacific Fusion to advance
high-yield fusion, leveraging insights from NIF's success.'

e Precise Intellectual Property Overlaps and Transfers: No patents by LLNL citing FRC
or MTF after 2014 were found.>

e Detailed Human Capital Flow Analysis: A direct and high-level transfer of human
capital from the national lab system to the private sector is evident. Pacific Fusion's
leadership includes CTO Keith LeChien, Head of Simulation Leland Ellison, Head of Target
Design Nathan Meezan, and Head of Experiments Alex Zylstra, who was the principal
experimentalist responsible for achieving ignition on NIF." Dr. Simon Woodruff of the 'gray
track' support node Woodruff Scientific held a post-doctoral position at LLNL.'
Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: LLNL is a foundational research provider and
human capital incubator, particularly for inertial fusion and HED physics. The transfer of
the high-level NIF team to Pacific Fusion is a significant link, indicating that expertise
developed for the national security mission is being directly applied to a private venture
with potential dual-use implications.’

Los Alamos National Laboratory (LANL)

e Specific Technical Contributions to FPT/UnLAB/MSNW: LANL is the scientific and
historical bedrock of the 'black’ track program. Its foundational research on
Field-Reversed Configurations (FRCs) and Magnetized Target Fusion (MTF) from 1975 to



1990 provides the direct scientific lineage for the Skunk Works® CFR."

Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No patents by LANL citing FRC
or MTF after 2014 were found.®?

Detailed Human Capital Flow Analysis: LANL is a primary hiring destination for
graduates from the Auburn University academic feeder pipeline, which is cultivated to
support the clandestine program.’

Dr. Toru E. Weber's work on plasma gun-assisted FRC formation on the Magnetized
Shock Experiment (MSX) around 2013-2015 was a key enabling technology for creating
the high-density FRCs needed for MTF."! A search of his post-2016 activities reveals a
complete shift in his publication record to high-energy nuclear and particle physics, with
no further open-source work on plasma guns, pulsed power, or fusion.®* This abrupt
change and the absence of further publications in his prior field of expertise may indicate
a transition to classified work or a deliberate career pivot.

Strategic Compartmentalization and Misdirection Indicators: The deliberate firewall
between LANL's experimental (P-24, Wurden) and theoretical (T-2, Hui Li) FRC-relevant
groups prior to their 2014 joint LDRD project is a definitive indicator of a managed,
sensitive, dual-use research portfolio designed to protect the integrated concept.’
Strategic Role and Clandestine Links: LANL has direct links to both the 'black’ and
‘gray' tracks. The Skunk Works® CFR program is verifiably traced to the body of FRC/MTF
research pioneered at LANL. The 'gray’ support node Woodruff Scientific is deeply
integrated with the LANL professional community and collaborates on specific technical
projects.’

Material Plasma Exposure eXperiment (MPEX)

Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: MPEX at ORNL is a critical enabling technology
testbed designed to solve one of the most significant engineering challenges for any
magnetic confinement fusion concept: developing plasma-facing materials that can
survive the extreme reactor environment.' This provides an indirect but crucial thematic
link, as the development of durable plasma-facing materials is a critical path challenge
for the Skunk Works® CFR. The unclassified data generated at MPEX can inform the
materials science efforts of the clandestine program via ORNL's central role in the fusion
ecosystem.’



National Ignition Facility (NIF)

Specific Technical Contributions to FPT/UnLAB/MSNW: No direct contributions
found.

Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: The transfer of the lead NIF experimentalist,
Alex Zylstra, and his team from LLNL to Pacific Fusion is a major direct link for the ‘gray"
track. It demonstrates that the talent and knowledge base created for the national
security mission at NIF is directly flowing into private ventures pursuing pulsed fusion
concepts.’

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: NIF is the premier U.S. facility for ICF and HEDP.
The collaboration between Woodruff Scientific and LANL leverages specialized x-ray
imagers developed at Los Alamos for use at NIF, creating an indirect technical link
between a 'gray' track support node and the premier ICF facility.'

Oak Ridge National Laboratory (ORNL)

Specific Technical Contributions to FPT/UnLAB/MSNW: No direct contributions
found.

Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No information found.

Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: ORNL is a primary R&D support node and
technology integrator. Its world-class expertise in materials science, particularly radiation
effects on materials like tungsten (as studied in their INFUSE collaboration with CFS), is
highly relevant to the needs of the Skunk Works® CFR." As a key manager of the INFUSE
and FIRE programs, ORNL is a central node in the "permeable membrane" that allows the
clandestine programs to access innovation from the private sector." Historically, ORNL
has also been central to U.S. NBI research and development, a critical technology for
FRCs.



Pacific Fusion

Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
Non-Public Funding Mechanisms and Sponsorship: No information found. Pacific
Fusion has raised over $900 million in private capital, including from BEV, and has a
CRADA with LLNL."

e Precise Intellectual Property Overlaps and Transfers: No patents by Pacific Fusion
citing FRC or MTF were found.”

o Detailed Human Capital Flow Analysis: The company represents a direct and
high-level transfer of human capital and technical knowledge from the heart of the U.S.
nuclear security and inertial fusion enterprise (LLNL, Sandia, NNSA) into the private
sector. Key personnel include CTO Keith LeChien (former head of pulsed magnetic fusion
at LLNL and Director of ICF at NNSA), Paul Schmit (Sandia), and the LLNL/NIF ignition
team led by Alex Zylstra.'

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: Pacific Fusion has a strong indirect/thematic link
to the 'black’ track. Its research into pulsed magnetic compression is highly analogous to
MTF, a concept with historical roots at LANL and direct relevance to the clandestine
program. The mass migration of top-tier talent from LLNL and Sandia is a critical
indicator that this technological approach is considered viable by experts from within the
national security establishment. This makes Pacific Fusion a high-priority entity for
monitoring, as its progress serves as an unclassified proxy for the state-of-the-art in this
technology area.’

Princeton Plasma Physics Laboratory (PPPL)

e Specific Technical Contributions to FPT/UnLAB/MSNW: PPPL is the leading U.S.
center for FRC theory, hosting the FRC Theory Consortium and key experts like Dr. Elena
Belova. Its Princeton Field-Reversed Configuration (PFRC) experimental program is a key
academic platform for studying small-scale FRCs for applications including space
propulsion.’

Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No information found.

Detailed Human Capital Flow Analysis: The presence of lvan Romadanov, a former
student of Russia's S.V. Ryzhkov, highlights the international flow of specialized FRC talent
into a key U.S. research center.'

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: PPPL is a critical node for the clandestine



program. Its FRC theory experts provide the world's leading unclassified expertise on
FRC stability—a central physics challenge for the Skunk Works® CFR. Its INFUSE
collaboration with Helion on this exact topic is a direct, formal link between the national
lab's theoretical expertise and the leading commercial FRC developer.' The 'gray" support
node Woodruff Scientific also has a long history of collaborations with PPPL.’

SLAC National Accelerator Laboratory

Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.
Strategic Role and Clandestine Links: SLAC provides an indirect/thematic link. Its
expertise in HED physics and advanced diagnostics is thematically relevant to
understanding the extreme conditions within an FRC plasma or during an MTF implosion.
Its formal participation in the General Atomics-led TINDER FIRE Collaborative alongside
LLNL places it within the government-managed innovation network, where its diagnostic
capabilities can be leveraged to support broader fusion goals.'

Helion Energy

Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.
Foreign Intelligence Collection Targets and Counterparts: No information found.

Breakthrough Energy Ventures

e Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
e Non-Public Funding Mechanisms and Sponsorship: No information found.
e Precise Intellectual Property Overlaps and Transfers: No information found.



e Detailed Human Capital Flow Analysis: No information found.
e Strategic Compartmentalization and Misdirection Indicators: No information found.
e Foreign Intelligence Collection Targets and Counterparts: No information found.

China Fusion Energy Co.

Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.

Experimental Advanced Superconducting Tokamak (EAST) reactor

Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.

Comprehensive Research Facility for Fusion Technology (CRAFT)

Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
Non-Public Funding Mechanisms and Sponsorship: No information found.

Precise Intellectual Property Overlaps and Transfers: No information found.
Detailed Human Capital Flow Analysis: No information found.

Strategic Compartmentalization and Misdirection Indicators: No information found.

China’s Fusion Engineering Test Reactor (CFETR)

e Specific Technical Contributions to FPT/UnLAB/MSNW: No information found.
e Non-Public Funding Mechanisms and Sponsorship: No information found.



e Precise Intellectual Property Overlaps and Transfers: No information found.
e Detailed Human Capital Flow Analysis: No information found.
e Strategic Compartmentalization and Misdirection Indicators: No information found.

High-Level Summary of Richard Banduric's Role and
Links

The detailed stakeholder analysis elevates Richard Banduric from being merely the principal
of a parallel 'gray track' R&D vector to a critical network bridge and intellectual catalyst within
the broader U.S. advanced propulsion strategy. His significance is multi-faceted, extending
across theoretical, technological, and network domains.

First, Banduric serves as an intellectual bridge. His "New Electrodynamics" and the broader
"Extended Electrodynamics" (EED) framework, which he is actively socializing in
government-adjacent forums with figures like Dr. Hal Puthoff, provide a potential unifying
theory for the disparate 'gray' track efforts.' This framework creates a common language that
links his materials-based approach with Larry Forsley's Lattice Confinement Fusion research
and the vacuum engineering concepts of Puthoff and Charles Chase, lending theoretical
coherence to what might otherwise appear to be isolated, speculative projects.’

Second, he provides a crucial technology bridge. FPT's dual-use hardware program,
developing both a propellant-less thruster and a directed energy weapon from the same core
metamaterial technology, connects the esoteric world of "edge physics" to tangible,
mission-critical DoD requirements.' This hardware focus legitimizes the entire 'gray' cohort in
the eyes of defense funding agencies like AFRL and DARPA, providing a practical, verifiable
justification for sustained government investment that is independent of the success or failure
of its underlying unconventional theory.

Finally, and most strategically, Banduric functions as a network bridge. Through his curated
participation in NSF and NASA-affiliated events, he is a key node that connects the
government program managers orchestrating the network (Anna Brady-Estevez), the
foundational theorists providing the intellectual underpinnings (Puthoff), and the other 'gray
track' principals pursuing parallel paths (Chase, Forsley)." His active engagement solidifies the
government's "network weaving" strategy, transforming a collection of funded projects into an
integrated, collaborative ecosystem. No direct, non-public links to national laboratories or
defense programs were uncovered; instead, the evidence confirms that his integration into the
clandestine portfolio is managed through these curated, high-level public and semi-public
forums.
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