
 

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

 

Part I: Richard Banduric and the Field Propulsion 
Technologies (FPT) Vector 
 

This section consolidates all baseline intelligence on Richard Banduric and Field Propulsion 
Technologies (FPT), establishing their role as a credible, government-vetted 'gray track' entity 
pursuing a distinct technological pathway to advanced propulsion and directed energy. 

 

1.1 Subject Dossier: Richard Banduric 
 

Richard Banduric is definitively identified as the Chief Executive Officer and Principal 
Investigator of Field Propulsion Technologies Inc. (FPT).1 His professional identity extends to 
associated entities, including "Displacement Field Technologies Inc." and the public-facing 
research repository, electricspacecraft.org, which serves as a platform for disseminating his 
theoretical work.1 

Banduric's professional history establishes significant bona fides within the U.S. aerospace 
and defense community. He possesses over four decades of experience in electrical 
engineering and applied physics, a background that includes work at a reverse-engineering 
firm, documented involvement with Lockheed systems, and, critically, the development of 
flight software for NASA's Europa Clipper mission.1 This combination of defense-relevant and 
high-level NASA program experience positions him as a credible figure capable of navigating 
both the theoretical and practical aspects of advanced aerospace technology development. 
Furthermore, public reporting has begun to associate a "Lockheed/NASA engineer Richard 
Banduric" with claims regarding recovered materials, indicating a growing profile in adjacent 
fields of high strategic interest and a willingness to engage in public discourse on 
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unconventional topics.1 

 

1.2 Theoretical Framework: "New Electrodynamics" 
 

Banduric's research program is anchored in a theoretical framework he has termed "New 
Electrodynamics".1 This framework challenges the completeness of the standard 
Heaviside-Gibbs vector formulation of Maxwell's equations, particularly in its description of 
electrical convection currents—the movement of charged objects through space, as distinct 
from conduction currents within a wire.1 

The core of his argument is a return to James Clerk Maxwell's original, more complex 
bi-quaternion formulation of electromagnetism. Banduric posits that this original formulation 
contains terms describing a "complex electric field" and a "Scalar Electric Potential" that were 
improperly discarded during Oliver Heaviside's reformulation.1 According to this "New 
Electrodynamics," the controlled interaction between these relativistic fields, when amplified 
by specific geometries and advanced materials, can be engineered to produce a net 
propulsive force without the expulsion of reaction mass.1 

This theoretical work is not merely speculative; it is operationalized in a portfolio of U.S. 
patents that describe tangible hardware. Key intellectual property includes US 9,337,752 
("Interacting complex electric fields and static electric fields to effect motion"), US 10,320,312, 
and US 10,084,395.1 These patents detail assemblies of rotating and stationary charged 
elements, often with specialized coatings, designed to manipulate and amplify these posited 
field effects to generate thrust.1 Analysis of US Patent Application 2014/0009098A1, 
"Interacting complex electric fields and static electric fields to effect motion," reveals it to be a 
direct engineering blueprint for a "gravitomagnetic engine" utilizing a rapidly rotating, 
high-density plasma toroid—a central hardware component of the weaponized "Trivergence 
Protocol".1 A consistent, multi-decade research interest in this domain is evidenced by an 
early, though withdrawn, 1990 European patent (EP0436405A1) for an "Electromagnetic 
energy propulsion engine" that expels magnetic field pulses.1 

 

1.3 Corporate and Funding Analysis: Field Propulsion Technologies Inc. 
(FPT) 
 

Field Propulsion Technologies Inc. is a for-profit Subchapter S Corporation founded in July 
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2017 and located in Aurora, Colorado.1 The company is formally registered in the System for 
Award Management (SAM.gov) as a Department of Defense (DoD) vendor, having secured 
contracts exceeding the $25,000 threshold.1 

A forensic analysis of federal award databases confirms that FPT has been the recipient of 
over $2.8 million in combined federal contracts and grants, revealing a clear and strategically 
significant dual-use development path supported by multiple government agencies.1 

●​ Air Force Research Laboratory (AFRL): 
○​ A Phase II Small Business Innovation Research (SBIR) contract (FA8649-24-P-1048) 

for $1,249,947 is dedicated to the development of a "compact radiation emitter." The 
award abstract explicitly details its purpose as a directed energy weapon for the 
"nondestructive deactivation of electronic equipment in weapons and vehicles," with 
potential applications against drone swarms, incoming nuclear warheads, and as a 
defense against Electromagnetic Pulse (EMP) attacks.1 

○​ A preceding Phase I SBIR contract (FA8649-24-P-0067) for $74,838 was awarded for 
a "propellant-less thruster for the spacecraft," based on the same underlying 
metamaterial technology.1 

●​ National Science Foundation (NSF): 
○​ A Phase II SBIR grant (2423107) for $1,000,000 was awarded to develop an 

"advanced propulsion system for spacecraft based on the Unresolved Longitudinal 
Ampere Tension Forces in Conductors".1 

○​ A preceding Phase I SBIR grant (2213139) for $256,000 supported the foundational 
research into the same "Ampere Tension Forces" concept.1 

●​ Defense Advanced Research Projects Agency (DARPA): The FPT portfolio also 
includes funding from DARPA, further cementing its status as a serious, 
government-vetted defense technology developer operating at the nexus of advanced 
propulsion and non-kinetic weaponry.1 

The fact that a single DoD research agency, AFRL, is funding the same small company to 
develop both a weapon system and a propulsion system from the same core metamaterial 
technology is dispositive proof of a unified strategy.1 This indicates that the DoD views FPT's 
research as a platform technology that could simultaneously provide a vehicle with 
revolutionary strategic mobility and a potent offensive or defensive capability. This dual-use 
application elevates FPT from a speculative research venture to a high-priority intelligence 
target developing a technology with multiple, mission-critical applications.1 

 

1.4 Network Integration and Convergence 
 

Richard Banduric and FPT are not operating in isolation but are a key node in a nascent 'gray 
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track' ecosystem being actively cultivated by the U.S. government, particularly the National 
Science Foundation.1 

A direct, verifiable professional link has been established between Richard Banduric and 
Charles Chase, the principal of the UnLAB 'gray' track. Both individuals were featured 
presenters at the "US Space Disruptors Day" conference on December 18, 2024. Critically, 
they presented in the same session: the "Extended Electrodynamics (EED), Advanced Physics, 
& (U)AP Segment," a forum that also included other key figures from the 
government-adjacent unconventional physics community, such as Dr. Hal Puthoff of 
EarthTech International and Larry Forsley of Global Energy Corp..1 

This convergence was not coincidental. The session was curated by Anna Brady-Estevez, the 
listed NSF Program Director for SBIR awards granted to both FPT and UnLAB.1 Her deliberate 
placement of Chase and Banduric in the same session is assessed as an active, strategic act 
of network cultivation. This reveals a hidden layer of U.S. technology strategy: the 
government, through an agency like the NSF, is not just passively funding individual high-risk 
projects. It is actively managing a portfolio of these technological bets and intentionally 
fostering a community of practice to accelerate innovation through cross-pollination.1 This 
behavior is more akin to that of a strategic venture capital firm managing an R&D ecosystem 
than a traditional government grant office, suggesting the U.S. innovation strategy for this 
domain is more sophisticated and proactive than previously understood.1 

The intellectual nexus of this emerging ecosystem is the framework of "Extended 
Electrodynamics" (EED). This was solidified on December 12, 2024, just one month after a key 
NSF interagency meeting, when Banduric appeared as a guest on a NASA-affiliated 
"Ecosystemic Futures" podcast.1 The event was co-hosted by Dr. Hal Puthoff, whose 
foundational work on "vacuum engineering" underpins the broader field.1 The central topic of 
the nearly three-hour discussion was EED, signaling a strategic and rapid effort to socialize a 
unifying theoretical language for this new ecosystem.1 This thematic linkage extends to Larry 
Forsley, who shares the same NSF patron and conference platform and has explicitly 
mentioned an "EED role" in his own Lattice Confinement Fusion (LCF) research presentations.1 

The cultivation of this portfolio of parallel, potentially competing 'gray' tracks represents a 
strategic hedge. While UnLAB explores the quantum vacuum, FPT provides a tangible, 
hardware-focused alternative rooted in metamaterials.1 FPT is therefore not an unrelated 
venture but represents a second, distinct 'gray' track in the U.S. clandestine portfolio, 
providing a hardware-based alternative to UnLAB's quantum vacuum approach.1 

 

Part II: Dossiers on the Expanded FRC Propulsion 
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Ecosystem 
 

This section provides detailed intelligence dossiers on each newly identified stakeholder, 
assessing their relevance and potential links to the clandestine FRC/CFR propulsion 
ecosystem. 

 

2.1 Advanced Research Projects Agency-Energy (ARPA-E) 
 

●​ Historical and Current Research Focus: ARPA-E's mission is to fund high-potential, 
high-impact, and high-risk energy technologies that are too early-stage for 
private-sector investment or traditional government funding channels.2 In the fusion 
domain, ARPA-E has historically funded a portfolio of underutilized and potentially 
lower-cost approaches that diverge from the mainstream tokamak path. Key programs 
include: 
○​ ALPHA (Accelerating Low-cost Plasma Heating and Assembly): Focused on 

concepts such as magnetic mirrors, spheromaks, Magneto-Inertial Fusion (MIF), and 
Z-pinch.3 

○​ BETHE (Breakthroughs Enabling THermonuclear-fusion Energy): Aimed to 
increase the number of mature, low-cost fusion options through concept 
development and component technology advancement.3 

○​ GAMOW (Galvanizing Advances in Market-aligned fusion for an 
Overabundance of Watts): A joint program with DOE's Fusion Energy Sciences 
(FES) office, GAMOW prioritized R&D in enabling technologies such as novel fusion 
materials, advanced manufacturing, plasma-facing components, and high-efficiency 
electrical drivers.3 

○​ CHADWICK (Creating Hardened And Durable fusion first Wall Incorporating 
Centralized Knowledge): Focused on developing next-generation materials for a 
fusion power plant's first wall.3 

●​ Funding and Contracts: ARPA-E provides non-dilutive funding to a mix of universities, 
national labs, and private companies. To date, it has funded 69 fusion energy projects.3 A 
notable example is a grant to HyperJet Fusion to advance a magnetized plasma target for 
Plasma Jet Driven Magneto-Inertial Fusion (PJMIF).7 

●​ Key Personnel & Human Capital Flows: Dr. Pat McGrath was the Program Director who 
initiated the ALPHA fusion program.4 ARPA-E has been a critical incubator for human 
capital, with seven fusion companies having directly spun out of its programs, including 
FIA members Zap Energy, Realta Fusion, and Thea Energy.3 This demonstrates a direct 
flow of talent from government-funded research into the commercial sector. 
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●​ Collaborations and Partnerships: ARPA-E programs are inherently collaborative, often 
involving teams from national labs (ORNL, PNNL), universities (UCLA, University of 
Houston), and industry (Bridge 12 Technologies, Phoenix LLC).4 The GAMOW program 
was a formal joint effort with the DOE FES office.4 

●​ Intellectual Property: While no specific patents were identified in the sources, the 
agency's primary goal is to catalyze the creation of new IP within its funded entities, 
which then transition into the private or public sectors. 

●​ Strategic Role: ARPA-E functions as a high-risk technology incubator and feeder 
program for the entire U.S. fusion ecosystem. It de-risks novel fusion concepts (compact 
toroids, Z-pinch) and critical enabling technologies (pulsed power, materials) that are too 
speculative for the mainstream DOE FES program but could provide essential 
breakthroughs for both commercial energy and clandestine propulsion. 

●​ Clandestine Program Links: 
○​ Gray Track: Indirect/Thematic Link. ARPA-E's funding of compact toroid concepts 

(spheromaks) and enabling technologies (pulsed power, materials) directly aligns 
with the technical needs of both the 'gray' and 'black' tracks. Companies spun out of 
ARPA-E programs (e.g., Zap Energy) and the specialized personnel they employ 
become part of the broader talent pool and R&D ecosystem that the clandestine 
program can monitor and draw from. The mention of funding for "propulsion 
technology" in the Discovery Plasma Theory group at PPPL, a key ARPA-E partner, is 
a significant thematic link.8 

○​ Black/White Track: No direct link found. 

 

2.2 Breakthrough Energy Ventures (BEV) 
 

●​ Historical and Current Research Focus: Breakthrough Energy Ventures (BEV) is a 
private, investor-led fund established by Bill Gates with the mission to finance and scale 
emerging climate technologies, with a significant focus on fusion energy.9 Its portfolio is 
diverse, covering sectors from energy and agriculture to transportation and 
manufacturing.11 BEV does not conduct research directly but provides capital to 
companies that do. 

●​ Funding and Contracts: BEV is a primary capital provider in the commercial fusion 
sector, having committed over $3.5 billion to more than 110 companies.10 Its fusion 
portfolio includes significant investments in: 
○​ Commonwealth Fusion Systems (CFS): Series A, B, and B2 rounds.9 

○​ Zap Energy: Series C and D rounds.9 

○​ Type One Energy: Seed I, Seed II, and Seed Extension rounds.9 

○​ Xcimer Energy: Series A round.9 

○​ Pacific Fusion: Series A round.9 
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●​ Key Personnel & Human Capital Flows: The fund is led by Bill Gates and includes a 
coalition of high-profile private investors such as Jeff Bezos, Richard Branson, Reid 
Hoffman, and Dustin Moskovitz.12 The presence of Sam Altman (an investor in Helion) at 
the annual Bilderberg Meetings demonstrates the integration of key fusion financiers into 
the high-level Western national security establishment, where strategic technology and 
global security are discussed.1 

●​ Collaborations and Partnerships: BEV's primary role is as a capital provider. Its 
portfolio companies, however, are deeply integrated into the U.S. R&D ecosystem, 
frequently collaborating with national labs and universities through programs like INFUSE 
and FIRE. 

●​ Intellectual Property: No information found in sources. BEV's interest is in the 
commercial success of the IP generated by its portfolio companies. 

●​ Strategic Role: BEV functions as a primary commercial champion and capital 
accelerator. By injecting billions of dollars of patient, risk-tolerant capital into the private 
fusion industry, it significantly accelerates the development of technologies, supply 
chains, and human capital that are indirectly beneficial to the clandestine program. It 
acts as a powerful catalyst for the entire ecosystem, pushing technologies toward 
commercial viability on timelines faster than government funding alone would allow. 

●​ Clandestine Program Links: 
○​ Gray/Black Track: Indirect Link. BEV's funding accelerates the maturation of the 

entire U.S. fusion industrial base. The technologies and talent developed by its 
portfolio companies (e.g., HTS magnets at CFS, pulsed power at Zap Energy) create a 
pool of resources, expertise, and proven hardware that the clandestine programs can 
leverage, monitor, or recruit from. The high-level network of its investors provides a 
potential interface between the commercial tech world and the national security 
establishment. 

○​ White Track: No link found. 

 

2.3 China Fusion Energy Co. (CFEC) 
 

●​ Historical and Current Research Focus: China Fusion Energy Co. (CFEC) is a 
state-owned enterprise established in 2025 as a subsidiary of the China National Nuclear 
Corporation (CNNC). Its explicit mission is to accelerate the commercialization of fusion 
energy, acting as an innovation driver for fusion engineering and developing platforms for 
technology research and capital operations.13 This is part of China's national "thermal 
reactor–fast reactor–fusion reactor" nuclear development strategy.16 

●​ Funding and Contracts: CFEC was established with a registered capital of 15 billion 
yuan (approximately $2.1 billion USD).13 

●​ Key Personnel & Human Capital Flows: No specific individuals were named in the 
sources. However, its creation under CNNC indicates leadership will be drawn from the 
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highest levels of China's state-owned nuclear and energy sectors. 
●​ Collaborations and Partnerships: Upon its founding, CFEC immediately signed a 

cooperation agreement to form a "fusion innovation consortium" with Shanghai Jiao Tong 
University, China Electrical Equipment Group, Shanghai Electric, and Shenergy Group. 
This signals a centrally planned strategy to integrate state-owned industrial giants with 
top-tier academic research institutions.13 

●​ Intellectual Property: No information found in sources. As a state-owned enterprise, 
any IP developed will be state-controlled. 

●​ Strategic Role: CFEC is the central coordinating body for China's national fusion 
commercialization effort. It formalizes China's "whole-of-nation" approach, integrating 
state-owned enterprises, universities, and state-backed private startups (e.g., Energy 
Singularity, HHMAX-Energy) to build a complete, vertically integrated fusion ecosystem 
and supply chain. This poses a direct and significant strategic challenge to U.S. 
leadership in the field.14 

●​ Clandestine Program Links: Foreign Competitor. CFEC is the primary organizational 
vehicle for China's strategic push into fusion, which is explicitly viewed as a dual-use 
technology underpinning national security, energy independence, and 
"next-generation...weapons technologies".16 Its activities, and those of its partners, must 
be considered a primary intelligence target. The explicit mention of 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.14 

 

2.4 China’s Fusion Engineering Test Reactor (CFETR) 
 

●​ Historical and Current Research Focus: The China Fusion Engineering Test Reactor 
(CFETR) is China's next-generation magnetic confinement fusion device. It is designed to 
bridge the gap between current experimental reactors, such as the Experimental 
Advanced Superconducting Tokamak (EAST), and a future demonstration power plant 
(DEMO). It is a central component of China's national fusion roadmap.16 

●​ Funding and Contracts: CFETR is a major state-funded national project, integral to 
China's 14th Five-Year Plan, which names controllable nuclear fusion and magnetic 
confinement tokamak research as key "strategic frontier" directions.16 

●​ Key Personnel & Human Capital Flows: The project is led by the Institute of Plasma 
Physics, Chinese Academy of Sciences (ASIPP), which also operates EAST. Personnel are 
drawn from the top ranks of China's fusion science community. 

●​ Collaborations and Partnerships: CFETR is a national collaboration building directly on 
the research and technology developed for the EAST tokamak. It involves major Chinese 
research institutions and universities under the direction of ASIPP.16 
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●​ Intellectual Property: No information found in sources. 
●​ Strategic Role: CFETR serves as China's primary 'white track' national R&D platform 

for magnetic confinement fusion. It is the institutional and technological successor to 
EAST and is the central project for developing the engineering and physics basis for a 
Chinese fusion power plant. 

●​ Clandestine Program Links: Foreign Competitor. While CFETR is a tokamak, the 
development of its advanced subsystems—including high-field superconducting 
magnets, plasma heating and control systems, diagnostics, materials science, and tritium 
handling—will advance China's overall fusion technology base. This technology base is 
explicitly linked to national security and defense modernization goals.16 The progress of 
CFETR is a direct and observable measure of China's capabilities in large-scale, 
advanced nuclear engineering projects. 

 

2.5 Commonwealth Fusion Systems (CFS) 
 

●​ Historical and Current Research Focus: Commonwealth Fusion Systems (CFS) is a 
private company spun out of the Massachusetts Institute of Technology's (MIT) Plasma 
Science and Fusion Center (PSFC) in 2018.17 The company's technical approach is 
centered on the use of revolutionary high-temperature superconducting (HTS) magnets 
to build smaller, lower-cost, high-field tokamaks.19 The HTS magnets are fabricated from 
Rare Earth Barium Copper Oxide (REBCO) superconducting tape.19 Their demonstration 
device, designed to prove net energy gain, is named SPARC, and their planned first 
commercial power plant is named ARC.18 The company has no documented research 
focus on FRCs, MTF, or other alternative confinement concepts. 

●​ Funding and Contracts: CFS is one of the most well-capitalized private fusion 
companies, having raised over $2 billion in private funding from investors including 
Breakthrough Energy Ventures.9 CFS is also a key partner in the U.S. government's 
public-private fusion strategy. It has received a​
$15 million agreement with the Department of Energy (DOE) under the 
Milestone-Based Fusion Development Program.20 Additionally, CFS has received 
multiple awards from the​
INFUSE program to collaborate with Oak Ridge National Laboratory (ORNL) on testing 
irradiated tungsten and tungsten alloys for reactor components.25 

●​ Key Personnel & Human Capital Flows: The company's leadership team is composed 
of co-founders who came directly from MIT's PSFC, including CEO Bob Mumgaard, CTO 
Dan Brunner, and Chief Science Officer Brandon Sorbom.28 Their team is composed of 
leaders from tough tech, fusion science, and manufacturing.21 No direct links to defense 
prime contractors were found in the provided sources. 

●​ Collaborations and Partnerships: CFS maintains a foundational and ongoing 
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collaboration with MIT's PSFC, where much of the initial R&D was conducted.17 They are 
a central participant in the DOE's public-private partnership ecosystem, collaborating 
with​
ORNL through the INFUSE program 25 and participating in the Milestone program.20 

●​ Intellectual Property: CFS holds a significant and growing patent portfolio. As of 2023, 
the company had 57 patents globally, belonging to 19 unique patent families.31 The IP is 
primarily focused on HTS magnet technology, including magnet construction techniques, 
cooling systems, and quench protection, as well as broader tokamak design elements.31 
CEO Robert Mumgaard is listed as an inventor on 26 patents.31 

●​ Strategic Role: CFS is the leading commercial champion of the high-field tokamak 
approach in the U.S. and a primary human capital incubator for HTS magnet 
technology. Their success in developing and industrializing REBCO-based HTS magnets is 
a critical enabling technology for any high-field magnetic confinement concept, including 
advanced FRCs that could be utilized in propulsion systems. 

●​ Clandestine Program Links: 
○​ Gray/Black Track: Indirect/Thematic Link. The Skunk Works® CFR is a high-field 

device that requires advanced superconducting magnets to achieve its compact size 
and performance goals.1 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 places them squarely within the 
government-cultivated innovation network that can be monitored for technology 
maturation and talent acquisition. 

○​ White Track: No link found. 

 

2.6 Comprehensive Research Facility for Fusion Technology (CRAFT) 
 

●​ Historical and Current Research Focus: The Comprehensive Research Facility for 
Fusion Technology (CRAFT) is a major new platform in Hefei, China, designed to develop 
and test key components of fusion energy reactors.35 Its primary focus is on critical 
engineering and technology challenges, such as remote-handling systems for 
maintenance, rather than plasma physics alone. A key component is a remote-handling 
test platform designed to service components like cladding and divertors that are subject 
to high heat flux, intense magnetic fields, and neutron irradiation.35 

●​ Funding and Contracts: CRAFT is a major state-funded national project, part of the 
infrastructure supporting China's broader fusion ambitions.35 

●​ Key Personnel & Human Capital Flows: The project is located in Hefei, the same city as 
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the Institute of Plasma Physics (ASIPP), indicating it is staffed by and integrated with 
China's core fusion engineering community.37 

●​ Collaborations and Partnerships: CRAFT is a national facility intended to support 
China's entire fusion program, including EAST, CFETR, and future commercial reactors. 

●​ Intellectual Property: No information found in sources. 
●​ Strategic Role: CRAFT serves as China's primary engineering and technology 

testbed for fusion reactor components. It addresses the practical challenges of building 
and maintaining a fusion power plant, such as robotics and remote handling, which are 
critical for commercial viability. This focus on engineering solutions complements the 
plasma physics research conducted at EAST and CFETR. 

●​ Clandestine Program Links: Foreign Competitor. The development of robust, 
radiation-hardened remote handling and maintenance systems at CRAFT is a direct 
indicator of China's progress toward operational fusion systems. These technologies are 
dual-use in nature, 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.35 

 

2.7 Department of Energy (DOE) 
 

●​ Historical and Current Research Focus: The U.S. Department of Energy (DOE), through 
its Office of Science's Fusion Energy Sciences (FES) program, is the primary federal 
agency responsible for fusion research.38 Historically, the FES program has focused on 
foundational plasma science and has been the main supporter of large-scale 
experimental devices like tokamaks and stellarators, as well as international 
collaborations such as ITER.38 Since 2022, following the White House's "Bold Decadal 
Vision for Commercial Fusion Energy," the DOE has shifted its strategy to more 
aggressively support commercialization through public-private partnerships.22 This 
strategy is built on three pillars: closing S&T gaps, preparing the path for commercial 
deployment, and leveraging external partnerships.41 

●​ Funding and Contracts: The FES program has an annual budget of approximately $760 
million (FY2023).42 While the majority of this funding supports foundational science and 
major facilities like ITER, a growing portion is being directed to public-private partnership 
programs.42 Key programs include: 
○​ Milestone-Based Fusion Development Program: Provides up to $46 million in 

initial funding to eight private companies to advance designs for fusion pilot plants.22 

○​ Innovation Network for Fusion Energy (INFUSE): A grant program providing 
$100,000 to $500,000 awards for private companies to collaborate with national 
labs and universities on specific technical challenges.25 

○​ Fusion Innovation Research Engine (FIRE) Collaboratives: A $134 million program 
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to establish large, multi-institutional teams to address cross-cutting S&T gaps in 
areas like materials, fuel cycles, and advanced simulation.26​
​
The DOE also provides funding for FRC and MTF research, notably through the SBIR 
award to Woodruff Scientific for compact torus research.1 

●​ Key Personnel & Human Capital Flows: Jean Paul Allain is the DOE Associate Director 
of Science for Fusion Energy Sciences.44 The leadership of the INFUSE program is 
managed by a team at Oak Ridge National Laboratory and Princeton Plasma Physics 
Laboratory.47 

●​ Collaborations and Partnerships: The DOE's current strategy is heavily reliant on 
collaboration. It manages the U.S. contribution to the international ITER project and has 
established the INFUSE and FIRE programs specifically to foster partnerships between 
the national labs (ORNL, PPPL, LANL, LLNL, etc.), universities, and the burgeoning private 
fusion industry (CFS, Helion, etc.).22 

●​ Intellectual Property: No information found in sources. 
●​ Strategic Role: The DOE is the central architect and primary funder of the U.S. 

national fusion ecosystem. It provides the long-term foundational science funding, 
operates the major national experimental facilities, manages international collaborations, 
and, crucially, has now created the formal public-private partnership structures (INFUSE, 
FIRE, Milestone Program) that are accelerating the entire field and enabling technology 
transfer. 

●​ Clandestine Program Links: 
○​ Gray/Black Track: Direct Link. 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.1 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.1 The INFUSE and FIRE programs, managed by DOE, serve as a "permeable 
membrane," allowing the clandestine programs to harvest innovation and talent from 
the commercial sector via the national labs without direct, compromising contact. 

○​ White Track: No link found. 

 

2.8 Experimental Advanced Superconducting Tokamak (EAST) reactor 
 

●​ Historical and Current Research Focus: The Experimental Advanced Superconducting 
Tokamak (EAST), or HT-7U, is a major experimental fusion reactor located in Hefei, China, 
and operated by the Institute of Plasma Physics, Chinese Academy of Sciences (ASIPP).48 
It is the world's first fully superconducting tokamak with a non-circular cross-section and 
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actively cooled plasma-facing components.49 Its primary mission is to explore advanced, 
steady-state, long-pulse operation in high-performance plasmas, serving as a critical 
testbed for technologies needed for ITER and China's own CFETR.49 It has set multiple 
world records for long-pulse H-mode operation, including sustaining a plasma for 1066 
seconds in January 2025.48 It does not conduct FRC or MTF research. 

●​ Funding and Contracts: EAST is a major national project funded by the Chinese 
government.48 

●​ Key Personnel & Human Capital Flows: The project is operated by ASIPP, China's 
premier plasma physics research institute. 

●​ Collaborations and Partnerships: EAST is a key part of China's contribution to the 
international ITER project and serves as a global platform for collaboration, with an open 
call for experimental proposals from researchers worldwide.48 

●​ Intellectual Property: No information found in sources. 
●​ Strategic Role: EAST is China's flagship 'white track' experimental fusion device. 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. It serves as a human capital incubator and a platform for testing critical 
subsystems (superconducting magnets, heating systems, plasma control) that are 
foundational to any magnetic confinement approach. 

●​ Clandestine Program Links: Foreign Competitor. While EAST is a tokamak, its success 
provides a direct measure of China's capabilities in key fusion-relevant technologies. The 
expertise gained in operating high-field superconducting magnets, managing 
plasma-wall interactions in long-pulse scenarios, and developing advanced plasma 
control systems is 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. 

 

2.9 Fusion Innovation Research Engine (FIRE) Collaboratives 
 

●​ Historical and Current Research Focus: The Fusion Innovation Research Engine (FIRE) 
Collaboratives program was established by the DOE in 2023 to create a "fusion 
innovation ecosystem".26 It forms large, virtual, centrally managed teams (Collaboratives) 
composed of national labs, universities, and industry partners to bridge the gap between 
foundational science and the practical needs of the commercial fusion industry.46 The 
program is structured around four "Fusion Engine Ecosystems (FEE)": (1) Fusion Materials 
and Technology, (2) Fusion Blanket and Fuel Cycle Systems, (3) Fusion Enabling 
Technologies, and (4) Advanced Simulations for Design and Optimization.46 

●​ Funding and Contracts: The DOE has announced $134 million for the program, with an 
expected total investment of up to $220 million over four years.45 The initial round of 
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awards in January 2025 totaled $107 million for six projects.56 

●​ Key Personnel & Human Capital Flows: The program is managed by the DOE's FES 
office. The collaboratives bring together personnel from across the entire U.S. fusion 
landscape. For example, the FC-FIRE collaborative, led by Savannah River National 
Laboratory, includes LANL, ORNL, INL, Sandia, General Atomics, MIT, and numerous other 
universities and private companies like Commonwealth Fusion Systems and Tokamak 
Energy.58 

●​ Collaborations and Partnerships: The FIRE program is, by definition, a framework for 
collaboration. The six initial collaboratives are: 
○​ APP-FPP: Led by MIT, focused on advanced profile prediction for pilot plant design, 

with partners including ORNL and LLNL.57 

○​ FC-FIRE: Led by Savannah River National Laboratory, focused on the fusion fuel 
cycle.57 

○​ BNT: Led by Idaho National Laboratory, focused on accelerating fusion blanket 
development.57 

○​ TINDeR: Led by General Atomics, focused on target injector technology for inertial 
fusion, with partners including SLAC and LLNL.57 

○​ Rapid Materials Data Generation: Led by MIT.57 

○​ IMPACT: Led by the University of Tennessee, focused on integrated materials for 
chamber technologies, with partners including ORNL and INL.57 

●​ Intellectual Property: No information found in sources. 
●​ Strategic Role: The FIRE program is a strategic force multiplier and technology 

integrator. It moves beyond the small, targeted projects of INFUSE to create large, 
mission-focused teams aimed at solving the most critical cross-cutting challenges for 
commercial fusion (materials, fuel cycle, etc.). It formalizes the creation of a national 
fusion innovation network. 

●​ Clandestine Program Links: 
○​ Gray/Black Track: Direct Link. Like INFUSE, the FIRE program serves as a critical 

"permeable membrane" for technology and knowledge transfer. By bringing together 
the national labs (LANL, LLNL, ORNL, SRNL) that form the core of the government's 
nuclear expertise with the 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 and tritium handling (fuel cycle), 
without direct engagement. The participation of LANL and General Atomics in these 
collaboratives is a direct link. 

○​ White Track: No link found. 

 

2.10 General Atomics (GA) 
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●​ Historical and Current Research Focus: General Atomics (GA) has been a leader in 
magnetic fusion research since the 1950s and operates the DIII-D National Fusion 
Facility, the largest magnetic fusion research facility in the U.S., for the DOE.60 Their 
research is primarily focused on the tokamak concept, but they possess a comprehensive 
portfolio of fusion and magnet technologies. Key areas of expertise include: 
○​ High-Power Neutral Beam Injector (NBI) Systems: GA offers NBI systems and 

operates the system at DIII-D.1 

○​ Advanced Plasma Diagnostics: GA is a leading developer of laser-based 
diagnostics (e.g., Thomson scattering, interferometers) and supplies them to facilities 
worldwide.1 

○​ Superconducting Magnets: GA has end-to-end design and fabrication capabilities 
for large HTS magnets, including manufacturing the massive Central Solenoid for 
ITER.1 

○​ Pulsed Power Systems: GA's Electromagnetic Systems (GA-EMS) division is a key 
developer of high energy density pulsed power capacitors for military and R&D 
applications.1 

○​ Compact Toroids: While their primary focus is tokamaks, GA has peripheral 
involvement in compact toroid research, including providing support for CT fueling 
options for ITER.62 

●​ Funding and Contracts: As the operator of the DIII-D National Fusion Facility, GA 
receives substantial funding from the DOE. GA-EMS holds numerous defense contracts, 
including a March 2024 contract with Lockheed Martin Space for satellite payloads.1 GA's 
aeronautical systems unit holds a $14.1 billion IDIQ contract with the U.S. Air Force for the 
MQ-9 Reaper drone system, demonstrating deep integration with the DoD.63 

●​ Key Personnel & Human Capital Flows: Key executives include Chairman and CEO Neal 
Blue and Linden Blue (Vice Chairman).64 Dr. Anantha Krishnan is the senior vice president 
of the GA Energy Group.65 The company's deep integration with both the fusion and 
defense sectors creates a significant pool of personnel with dual-use expertise. 

●​ Collaborations and Partnerships: GA is a central node in the U.S. fusion ecosystem. 
They operate DIII-D as a national user facility, collaborating with researchers from 
hundreds of institutions, including Georgia Tech's Fusion Research Center.66 They are a 
key U.S. partner in the international​
ITER project.61 They have a formal collaboration with​
Pacific Fusion to test their pulser module, providing expertise in computational 
modeling, fusion science, and engineering.65 GA is also a member of the​
FC-FIRE and TINDeR collaboratives.57 

●​ Intellectual Property: A patent search reveals patents assigned to General Fusion Inc. (a 
separate Canadian company) related to compressing a compact toroid (spheromak or 
FRC) with a liquid metal funnel.68 While not GA's direct IP, it shows relevant work in the 
field. GA's own IP is extensive in tokamak design, diagnostics, and magnet systems. 

●​ Strategic Role: General Atomics is a foundational research provider, critical supplier, 
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and systems integrator. It operates a national user facility (DIII-D), provides critical 
hardware (magnets, NBIs, diagnostics) to the entire ecosystem, and possesses deep 
expertise in both fusion science and defense contracting, making it a unique and 
powerful entity. 

●​ Clandestine Program Links: 
○​ Black/Gray Track: Direct Link. GA is a critical supplier and knowledge base for the 

clandestine program. Their expertise in NBIs, HTS magnets, pulsed power, and 
advanced diagnostics directly maps to the requirements of the Skunk Works® CFR 
program.1 Their existing high-level corporate relationship with Lockheed Martin 
provides a plausible, firewalled procurement channel for sensitive components.1 Their 
participation in FIRE collaboratives alongside LANL further solidifies their role as a 
central node in the government-managed R&D network. 

○​ White Track: No link found. 

 

2.11 Helion Energy 
 

●​ Historical and Current Research Focus: Helion Energy is a private fusion company 
pursuing a unique pulsed, non-ignition approach based on the Field-Reversed 
Configuration (FRC).69 Their process involves forming two FRC plasmoids, accelerating 
them to high velocity (>300 km/s), merging them in a central compression chamber, and 
then adiabatically heating the merged FRC with a pulsed magnetic field to fusion 
conditions.71 A key innovation is their use of direct energy conversion, where the 
expansion of the plasma after the fusion pulse induces a current in the coils, recapturing 
energy with >95% efficiency.72 Their fuel cycle is based on Deuterium-Helium-3 (D-He3), 
which is aneutronic, and they have patented a process to breed their own He3 from D-D 
side reactions.72 Their sixth-generation prototype, 'Trenta', was decommissioned after 
achieving 9 keV plasma temperatures.1 Their current device is 'Polaris'.69 

●​ Funding and Contracts: Helion is one of the top-funded private fusion companies, 
having raised over $1 billion in private capital.75 Investors include Sam Altman and Dustin 
Moskovitz.77 They were awarded a 2015 ARPA-E ALPHA contract for "Staged Magnetic 
Compression of FRC Targets to Fusion Conditions".72 They also received a 2025 INFUSE 
award to collaborate with PPPL on FRC stability simulations.26 

●​ Key Personnel & Human Capital Flows: The company was co-founded in 2013 by Dr. 
David Kirtley (CEO), Chris Pihl (CTO), Dr. George Votroubek, and Dr. John Slough.70 Dr. 
John Slough, a pivotal figure in FRC research, was also the founder of MSNW LLC. Slough 
departed Helion in 2018 to return to MSNW, a significant human capital link between two 
key FRC entities.1 Anthony Pancotti, former Propulsion Lead at MSNW, also held roles at 
Helion, indicating personnel overlap between the two organizations.1 

●​ Collaborations and Partnerships: Helion's development history is directly linked to 
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MSNW LLC, where the initial Inductive Plasmoid Accelerator (IPA) experiments were 
performed.72 They have a formal power purchase agreement with​
Microsoft to provide 50 MWe of power starting in 2028.76 They have an active INFUSE 
collaboration with​
PPPL (Dr. Elena Belova) to use advanced simulations to enhance FRC plasma stability.78 

●​ Intellectual Property: Helion has a substantial patent portfolio of at least 37 patents 
globally, with 23 granted.81 Key patents cover their advanced D-He3 fuel cycle 
(US11469003B2), methods for generating and compressing plasmoids (US11049620B2), 
and apparatus for fusion-based power generation and engine thrust (US9524802B2, 
US9082516B2).73 The patents explicitly mention FRCs and their application for both 
power and propulsion. 

●​ Strategic Role: Helion is the leading commercial champion of the FRC approach in 
the U.S. Their work on high-beta FRC plasma physics, pulsed magnetic compression, and 
direct energy conversion is directly and highly relevant to the goals of the clandestine 
propulsion program. They are a primary source of innovation and talent in this specific 
technology area. 

●​ Clandestine Program Links: 
○​ Black/Gray Track: Direct/Thematic Link. Helion's entire research program is 

thematically aligned with the Skunk Works® CFR program, as both are based on 
FRCs. The personnel overlap with MSNW LLC (John Slough, Anthony Pancotti) 
establishes a direct human capital link to the 'gray' track.1 Their patents for 
fusion-based "engine thrust generation" explicitly connect their technology to 
propulsion applications.81 Helion's progress serves as a highly valuable, unclassified 
testbed and data source for the fundamental physics challenges faced by the 'black' 
track. Their INFUSE collaboration with PPPL's FRC theory experts further integrates 
them into the national R&D network. 

○​ White Track: No link found. 

 

2.12 Innovation Network for Fusion Energy (INFUSE) 
 

●​ Historical and Current Research Focus: The Innovation Network for Fusion Energy 
(INFUSE) program was established by the DOE in 2019 to accelerate private-sector fusion 
energy development.25 It functions as a public-private partnership program, providing 
private companies with access to the expertise and unique facilities of DOE national 
laboratories and U.S. universities to overcome critical S&T challenges.43 Research areas 
supported include enabling technologies, materials science, diagnostics, and 
modeling/simulation.44 

●​ Funding and Contracts: The program provides funding not to the companies, but to the 
partner lab or university. Awards range from $100,000 to $500,000 for one- or two-year 
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projects, with a required 20% cost share from the private company.25 In FY2025, the 
program awarded $6.1 million to 20 projects.45 In FY2024, it awarded $4.6 million to 17 
projects.27 

●​ Key Personnel & Human Capital Flows: The INFUSE program is managed by a 
leadership team at Oak Ridge National Laboratory (led by Arnie Lumsdaine, INFUSE 
Director) and Princeton Plasma Physics Laboratory (with Erik Gilson as Deputy 
Director).25 

●​ Collaborations and Partnerships: INFUSE is a collaboration-centric program by design. 
A vast majority of U.S. private fusion companies have participated, including 
Commonwealth Fusion Systems, Helion, Pacific Fusion, Realta Fusion, TAE 
Technologies, Tokamak Energy, Type One Energy, Xcimer Energy, and Zap Energy.26 
They have partnered with national labs including​
ORNL, PPPL, LANL, and LLNL, and numerous universities. Specific collaborations 
include: 
○​ ORNL and CFS: Testing of irradiated tungsten materials.25 

○​ ORNL and Realta Fusion: Diagnostics for a magnetic mirror experiment.25 

○​ ORNL and Xcimer Energy: Modeling of neutron-fluid interactions.25 

○​ PPPL and Helion: FRC stability simulations.78 

○​ PPPL and Thea Energy: AI tools for alpha particle prediction and HTS magnet 
performance.78 

●​ Intellectual Property: No information found in sources. 
●​ Strategic Role: INFUSE is a critical technology transfer and network-weaving 

mechanism. It creates formal, funded pathways for private industry to access the deep 
scientific expertise and unique experimental capabilities of the national lab and university 
systems. It accelerates problem-solving for the entire industry and strengthens the U.S. 
fusion ecosystem. 

●​ Clandestine Program Links: 
○​ Gray/Black Track: Direct Link. INFUSE is a primary example of the "permeable 

membrane" model. It creates a formal, unclassified interface between the private 
sector and the national laboratories 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 like 
Helion (FRCs) and CFS (HTS magnets). 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. The 
participation of LANL and PPPL makes this a direct structural link. 

○​ White Track: No link found. 

 

2.13 ITER (International Thermonuclear Experimental Reactor) 
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●​ Historical and Current Research Focus: ITER ("The Way" in Latin) is a massive 
international nuclear fusion research and engineering megaproject being built in 
Cadarache, France.84 It is a tokamak designed to demonstrate the scientific and 
technological feasibility of fusion power on a large scale. Its primary goals are to produce 
500 MW of fusion power from 50 MW of input heating power (a fusion gain, Q, of 10), 
achieve a "burning plasma" where self-heating from fusion reactions is dominant, and 
test key reactor technologies like tritium breeding, remote maintenance, and power 
exhaust systems.84 It is not designed to generate electricity.84 

●​ Funding and Contracts: ITER is a multi-decade, multi-billion-euro megaproject funded 
by a consortium of 33 nations: China, the European Union, India, Japan, Korea, Russia, 
and the United States.86 The EU contributes 45.6%, while the other members each 
contribute 9.1%, mostly through in-kind contributions of components rather than cash.88 

●​ Key Personnel & Human Capital Flows: The project is managed by the international 
ITER Organization. Pietro Barabaschi is the Director General.89 PPPL physicist Richard 
Hawryluk served as ITER Deputy Director-General from 2011 to 2013.90 

●​ Collaborations and Partnerships: ITER is the largest scientific collaboration in history. 
The U.S. contribution is managed by US-ITER, a partnership between Oak Ridge 
National Laboratory (ORNL), Princeton Plasma Physics Laboratory (PPPL), and 
Savannah River National Laboratory (SRNL).90 U.S. companies like​
General Atomics are key industrial partners, manufacturing major components such as 
the Central Solenoid.1 

●​ Intellectual Property: All scientific results and generated IP are shared among the 
member nations.88 

●​ Strategic Role: ITER is the world's flagship 'white track' fusion science project. It is 
the primary global effort to demonstrate the physics and engineering of a large-scale, 
power-plant-relevant tokamak. While its progress is slow and its design is conservative, it 
drives the development of industrial-scale fusion supply chains and technologies (e.g., 
superconducting magnets, cryogenics, vacuum vessels) worldwide. 

●​ Clandestine Program Links: 
○​ Gray/Black Track: Indirect/Thematic Link. While ITER's tokamak design is not 

directly relevant to the FRC-based clandestine program, the engineering challenges 
it solves are. The development of large-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.1 U.S. national 
labs (ORNL, PPPL) involved in US-ITER gain invaluable experience in fusion 
engineering, project management, and technology integration, strengthening the 
core capabilities that support the clandestine ecosystem. 

○​ White Track: No link found. 
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2.14 Lawrence Livermore National Laboratory (LLNL) 
 

●​ Historical and Current Research Focus: LLNL is a premier U.S. Department of Energy 
national laboratory with a primary mission in national security and stockpile 
stewardship.91 It is a world leader in Inertial Confinement Fusion (ICF) and 
high-energy-density (HED) physics, operating the​
National Ignition Facility (NIF).93 LLNL's Fusion Energy Sciences (FES) program also 
conducts research in Magnetic Fusion Energy (MFE), primarily through collaborations on 
tokamaks like DIII-D and NSTX-U, and has a significant program in fusion materials and 
technology.95 Historically, LLNL conducted the​
Ring Acceleration Experiment (RACE), a proof-of-principle experiment demonstrating 
the acceleration of compact torus plasma rings to high velocities.97 

●​ Funding and Contracts: LLNL is a federally funded research and development center 
(FFRDC) sponsored by the DOE and National Nuclear Security Administration (NNSA). It 
receives substantial federal funding for its national security and science missions. 

●​ Key Personnel & Human Capital Flows: LLNL is a major hub for fusion and plasma 
physics talent. A significant number of key personnel in the private fusion sector have a 
background at LLNL. For example, Pacific Fusion's CTO Keith LeChien, Head of 
Simulation & Modelling Leland Ellison, Head of Target Design Nathan Meezan, and Head 
of Experiments Alex Zylstra all previously worked at LLNL, with Zylstra being the principal 
experimentalist responsible for achieving ignition on NIF.102 This represents a direct and 
high-level transfer of human capital from the national lab system to a private company 
pursuing a related technology. 

●​ Collaborations and Partnerships: LLNL collaborates extensively with other national 
labs (LANL, PPPL, ORNL), universities, and industry. It has a formal Cooperative 
Research and Development Agreement (CRADA) with Pacific Fusion to advance 
high-yield fusion, leveraging insights from NIF's success.103 LLNL is also a partner in the 
DOE's​
FIRE Collaboratives, including the APP-FPP and TINDeR teams.57 

●​ Intellectual Property: LLNL holds a vast portfolio of patents related to lasers, optics, 
materials science, and fusion technology. The RACE experiment produced numerous 
technical reports and publications detailing its findings on compact torus acceleration.97 

●​ Strategic Role: LLNL is a foundational research provider and human capital 
incubator, particularly for inertial fusion and HED physics. Its unique experimental 
capabilities (NIF) and computational resources are unparalleled. The historical RACE 
experiment provides a direct, albeit dated, research lineage for compact toroid 
acceleration relevant to propulsion. 

●​ Clandestine Program Links: 
○​ Gray Track: Direct Link. The transfer of a high-level team of ICF experts from LLNL 

to Pacific Fusion is a significant link, indicating that the expertise developed for the 
national security mission at NIF is being directly applied to a private venture with 
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potential dual-use implications.102 LLNL's historical work on the​
RACE compact torus accelerator is thematically resonant with advanced propulsion 
concepts.97 The collaboration between Woodruff Scientific and LANL leverages 
specialized x-ray imagers developed at Los Alamos for NIF, creating an indirect 
technical link.1 

○​ Black Track: Indirect Link. Dr. Simon Woodruff of Woodruff Scientific, a key 'gray 
track' support node, held a post-doctoral position at LLNL, establishing a human 
capital connection.1 LLNL's world-class expertise in advanced materials, 
manufacturing, and computational modeling is highly relevant to the challenges of 
the Skunk Works® CFR program.104 

○​ White Track: No link found. 

 

2.15 Los Alamos National Laboratory (LANL) 
 

●​ Historical and Current Research Focus: LANL is a DOE national laboratory with a core 
mission in national security and nuclear weapons science.106 It has a long and 
foundational history in fusion research. 
○​ FRC/MTF: LANL conducted pioneering research into Field-Reversed Configurations 

(FRCs) and Magnetized Target Fusion (MTF) from 1975 to 1990, establishing much of 
the scientific basis for these concepts.1 The​
Field Reversed Experiment-Liner (FRX-L) was a key experiment designed as a 
plasma injector for the MTF program, aiming to form high-density FRCs (target 
n≈1017cm−3, T≈300 eV).107 

○​ Compact Toroids: LANL has a history of research on spheromaks and other 
compact toroids, as documented in the publications of J. Marshall.111 

○​ Current Research: Current research in the Thermonuclear Plasma Physics group 
includes magneto-inertial fusion, with facilities like the Plasma Liner Experiment 
(PLAX) for studying colliding plasma jets and the Magnetized Shock Experiment 
(MSX) for magnetized target fusion development.112 

●​ Funding and Contracts: As a federally funded R&D center, LANL receives its primary 
funding from the DOE and NNSA. 

●​ Key Personnel & Human Capital Flows: LANL is a critical human capital incubator for 
the clandestine program. The academic laboratory of Dr. Edward Thomas Jr. at Auburn 
University functions as a "finishing school," with graduates like Dylan Funk and Ivan 
Arnold being reliably hired into LANL and AFRL, respectively, creating a managed talent 
pipeline.1 Dr. Simon Woodruff of Woodruff Scientific is deeply integrated into the 
LANL-centric scientific community, though not directly employed.1 

●​ Collaborations and Partnerships: LANL has a long history of collaboration with the Air 
Force Research Laboratory (AFRL) on the FRX-L/MTF program.107 It collaborates with 
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LLNL and Sandia on HED physics experiments at NIF and the Z-Machine.113 LANL is a 
member of the​
FC-FIRE and SWIFT-PFCs collaboratives, partnering with other labs, universities, and 
industry.58 

●​ Intellectual Property: LANL's foundational research from 1975-1990 produced a 
significant body of publications and reports on FRCs and MTF, codified in M. Tuszewski's 
1988 review article in Nuclear Fusion.1 

●​ Strategic Role: LANL is the scientific and historical bedrock of the 'black' track 
program. Its foundational research on FRCs and MTF provides the direct scientific 
lineage for the Skunk Works® CFR. It continues to serve as a foundational research 
provider and a primary destination for the human capital pipeline that feeds the 
clandestine ecosystem. 

●​ Clandestine Program Links: 
○​ Black Track: Direct Link. The Skunk Works® CFR program is verifiably traced to the 

body of FRC and MTF research pioneered at LANL.1 LANL is a primary hiring 
destination for graduates from the Auburn University academic feeder pipeline, 
which is cultivated to support the clandestine program.1 

○​ Gray Track: Direct Link. Woodruff Scientific, a key 'gray' support node, is deeply 
integrated with the LANL professional community and collaborates on specific 
technical projects, indicating a non-public working relationship.1 LANL's participation 
in the FIRE collaboratives connects it to the broader public-private R&D network. 

○​ White Track: No link found. 

 

2.16 Material Plasma Exposure eXperiment (MPEX) 
 

●​ Historical and Current Research Focus: The Material Plasma Exposure eXperiment 
(MPEX) is a next-generation linear plasma device under construction at Oak Ridge 
National Laboratory (ORNL).115 Its mission is to study long-term plasma-material 
interactions (PMI) under conditions relevant to future fusion reactors, particularly the 
divertor region—the power and particle "exhaust system".115 MPEX is designed to 
produce high-density (​
ne​ up to 2×1021m−3) plasmas and expose material samples to high ion fluxes 
(>1024m−2s−1) and heat fluxes (up to 10 MW/m2 perpendicular) for long durations.115 It 
will allow for the exposure of pre-irradiated neutron samples.118 

●​ Funding and Contracts: MPEX is a DOE Office of Science project managed by ORNL.116 

●​ Key Personnel & Human Capital Flows: No specific individuals named in sources. The 
project is run by ORNL's fusion and materials science divisions. 

●​ Collaborations and Partnerships: The project involves collaborations with other 
institutions for specific subsystems and diagnostics. For example, the University of York 
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and UKAEA are applying the CRAYON ray-tracing code to model electron Bernstein wave 
heating for MPEX.119 

●​ Intellectual Property: No information found in sources. 
●​ Strategic Role: MPEX is a critical enabling technology testbed. It is 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 environment 
of a reactor for long periods. The data it generates on material erosion, redeposition, and 
tritium retention will be essential for designing a viable FRC-based propulsion system. 

●​ Clandestine Program Links: 
○​ Black/Gray Track: Indirect/Thematic Link. The development of durable 

plasma-facing materials is a critical path challenge for the Skunk Works® CFR, which 
would operate in an extreme radiation and plasma environment.1 The research 
conducted at MPEX on materials like tungsten will provide essential, unclassified data 
that can inform the materials science efforts of the clandestine program via ORNL's 
role as a central node in the fusion ecosystem. 

○​ White Track: No link found. 

 

2.17 National Ignition Facility (NIF) 
 

●​ Historical and Current Research Focus: The National Ignition Facility (NIF), located at 
Lawrence Livermore National Laboratory (LLNL), is the world's largest and most 
energetic laser-based Inertial Confinement Fusion (ICF) research device.93 Its primary 
mission is to support the U.S. nuclear weapons stockpile stewardship program by 
studying the behavior of matter under the extreme conditions found within nuclear 
explosions.93 A secondary mission is to achieve fusion ignition with high energy gain. NIF 
famously achieved "ignition" (scientific breakeven) for the first time on December 5, 
2022, producing more fusion energy than the laser energy delivered to the target.93 It 
does not conduct research on FRCs or MTF. 

●​ Funding and Contracts: NIF is a major national user facility funded by the DOE's 
National Nuclear Security Administration (NNSA).121 

●​ Key Personnel & Human Capital Flows: NIF is staffed by LLNL scientists. Alex Zylstra, 
now Head of Experiments at Pacific Fusion, was the principal experimentalist 
responsible for achieving ignition on NIF, representing a direct transfer of top-tier ICF 
expertise to the private sector.102 

●​ Collaborations and Partnerships: NIF is a hub for HED physics research, with 
collaborations involving other national labs like LANL and universities like MIT.113 

●​ Intellectual Property: No information found in sources. 
●​ Strategic Role: NIF is the premier U.S. facility for Inertial Confinement Fusion and 

High-Energy-Density Physics. While its direct-drive laser approach is different from 
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the FRC concept, the fundamental physics it explores (thermonuclear burn, plasma 
instabilities, material properties at extreme conditions) and the diagnostic techniques it 
develops are broadly relevant to the entire fusion field. 

●​ Clandestine Program Links: 
○​ Gray Track: Direct Link. The transfer of the lead NIF experimentalist (Zylstra) and 

his team to Pacific Fusion is a major link, demonstrating that the talent and 
knowledge base created for the national security mission is directly flowing into 
private ventures pursuing pulsed fusion concepts.102 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.1 

○​ Black/White Track: No link found. 

 

2.18 Oak Ridge National Laboratory (ORNL) 
 

●​ Historical and Current Research Focus: ORNL is the DOE's largest multi-program 
science and technology laboratory.122 Its Fusion Energy Division has deep expertise in 
fusion materials, plasma diagnostics, theory and modeling, and the engineering of fusion 
systems.25 Key facilities and projects include: 
○​ Material Plasma Exposure eXperiment (MPEX): A next-generation linear plasma 

device to study plasma-material interactions for fusion reactors.115 

○​ Historical Research: ORNL has a long history in fusion, including early experiments 
like the Direct Current Experiment (DCX) and pioneering work in electron cyclotron 
heating (ECH) and superconducting magnets.124 

○​ Compact Toroidal Hybrid (CTH): While primarily an Auburn University experiment, 
ORNL has collaborated on CTH research, specifically on modeling resilient divertors 
using CTH geometries.125 

●​ Funding and Contracts: ORNL is a federally funded R&D center managed by UT-Battelle 
for the DOE.25 

●​ Key Personnel & Human Capital Flows: Troy Carter is the director of ORNL's Fusion 
Energy Division.25 Arnie Lumsdaine is the director of the national INFUSE program, which 
is co-managed by ORNL.25 

●​ Collaborations and Partnerships: ORNL is a central hub for public-private collaboration 
in fusion. It co-manages the national INFUSE program 25 and leads or partners on 
multiple​
FIRE Collaboratives, including SWIFT-PFCs, FC-FIRE, BNT, and IMPACT.57 Through 
INFUSE, ORNL has direct research collaborations with private companies including​
Commonwealth Fusion Systems (materials testing), Realta Fusion (diagnostics), and 
Xcimer Energy (modeling).25 ORNL is also a lead partner in the​
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US-ITER project.90 

●​ Intellectual Property: No information found in sources. 
●​ Strategic Role: ORNL is a primary R&D support node and technology integrator for 

the U.S. fusion program. Its world-class expertise in materials science, neutron science, 
and high-performance computing is critical for solving key engineering challenges. It also 
plays a lead management role in the formal public-private partnership programs (INFUSE, 
FIRE) that are accelerating the entire field. 

●​ Clandestine Program Links: 
○​ Black/Gray Track: Indirect/Thematic Link. ORNL's 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.25 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, Lawrence Berkeley and Oak Ridge National Labs 
have been central to U.S. NBI research and development, a critical technology for 
FRCs.1 

○​ White Track: No link found. 

 

2.19 Pacific Fusion 
 

●​ Historical and Current Research Focus: Pacific Fusion is a private company pursuing a 
"pulser-driven inertial fusion" approach, also described as pulsed magnetic inertial 
fusion.126 This method uses fast-rising, high-current pulses from an Impedance-Matched 
Marx Generator (IMG) to magnetically squeeze and heat small containers of 
deuterium-tritium fuel to fusion conditions.65 This approach is technologically similar to 
Magnetized Target Fusion (MTF) and builds on the science of Sandia's Z-Machine and 
LLNL's National Ignition Facility.126 Their goal is to build a Demonstration System capable 
of achieving net facility gain and high-yield fusion (100+ megajoules) by 2030.103 

●​ Funding and Contracts: Pacific Fusion has raised over $900 million in private venture 
capital, including a Series A round led by General Catalyst with participation from 
Breakthrough Energy Ventures.9 They have also received a 2025​
INFUSE award.26 

●​ Key Personnel & Human Capital Flows: The company has recruited a team with deep 
expertise from the national laboratories. 
○​ Keith LeChien (Co-founder & CTO): Previously worked at Lawrence Livermore 

National Laboratory (LLNL) and the National Nuclear Security Administration 
(NNSA), where he led pulsed magnetic fusion at LLNL and was the Director of 
Inertial Confinement Fusion at NNSA. He is a co-inventor of the IMG technology 
central to Pacific Fusion's approach.65 
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○​ Paul Schmit: Previously at Sandia National Laboratories, now at Pacific Fusion.129 

○​ Leland Ellison (Head of Simulation & Modelling): Former computational physicist 
at LLNL.102 

○​ Nathan Meezan (Head of Target Design): Spent over 20 years at LLNL leading 
target design teams.102 

○​ Alex Zylstra (Head of Experiments): Principal experimentalist at LLNL responsible 
for achieving ignition on NIF.102 

●​ Collaborations and Partnerships: Pacific Fusion has an expansive network of 
collaborators. They have a formal Cooperative Research and Development 
Agreement (CRADA) with LLNL to leverage insights from NIF's ignition success.103 They 
also have a deep collaboration with​
General Atomics (GA) for testing their production-scale pulser module and for 
guidance in systems analysis, engineering, and target fabrication.65 

●​ Intellectual Property: While specific patents were not listed, their technology is based 
on the Impedance-Matched Marx Generator (IMG), co-invented by their CTO.65 Their 
focus is on a proprietary, modular pulser system.128 

●​ Strategic Role: Pacific Fusion is a leading commercial champion of the pulsed 
power/MTF approach. 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. 

●​ Clandestine Program Links: 
○​ Black/Gray Track: Strong Indirect/Thematic Link. Pacific Fusion's research into 

pulsed magnetic compression of a fuel target is highly analogous to Magnetized 
Target Fusion (MTF), a concept with historical roots at LANL and direct relevance to 
the 'black' track.1 The mass migration of top-tier talent from LLNL and Sandia—the 
two centers of U.S. ICF and pulsed power research—to Pacific Fusion 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 their progress serves as an unclassified proxy for the 
state-of-the-art in this technology area. 

○​ White Track: No link found. 

 

2.20 Princeton Plasma Physics Laboratory (PPPL) 
 

●​ Historical and Current Research Focus: PPPL is a DOE national laboratory dedicated to 
plasma physics and nuclear fusion science, operated by Princeton University.90 
Historically, it is known for developing the stellarator and for the record-setting Tokamak 
Fusion Test Reactor (TFTR).131 Current research focuses on: 
○​ National Spherical Torus Experiment-Upgrade (NSTX-U): The world's most 
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powerful spherical tokamak, exploring the advantages of a compact, "cored-apple" 
plasma shape.132 

○​ Princeton Field-Reversed Configuration (PFRC): An experimental program to 
evaluate a small-scale, low-neutron FRC concept that uses odd-parity rotating 
magnetic fields (RMF) for current drive and heating. The PFRC aims to be globally 
stable and is being studied for applications including space propulsion via the Direct 
Fusion Drive concept.90 

○​ Theory and Computation: PPPL has a world-leading theory department with 
groups focused on Burning Plasma, Discovery Plasma Science (including propulsion 
technology), Edge Plasma, and Equilibrium/Control.8 It hosts the​
FRC Theory Consortium.90 

●​ Funding and Contracts: PPPL is a federally funded R&D center with an annual budget of 
$116 million (2021).90 The PFRC experiment has received funding from both the DOE and 
NASA.135 

●​ Key personnel & Human Capital Flows: Steven Cowley is the Director.90 Key 
researchers in FRC theory include​
Dr. Elena Belova, who leads the Burning Plasma Theory Group and has developed the 
HYM simulation code for studying FRC stability.137 Sam Cohen is the Principal Research 
Physicist for the PFRC experiment.133 Ivan Romadanov, a former student of Russia's S.V. 
Ryzhkov, holds a position at PPPL, highlighting the international flow of specialized FRC 
talent.1 

●​ Collaborations and Partnerships: PPPL is a central collaborative hub. It manages U.S. 
ITER activities with ORNL and SRNL.90 It co-manages the national​
INFUSE program with ORNL 25 and is a partner in the​
BNT FIRE Collaborative.57 Through INFUSE, PPPL has direct collaborations with​
Helion (FRC stability simulations) and Thea Energy (AI tools and HTS magnets).78 PPPL is 
a key collaborator with TAE Technologies, a leading private FRC company.1 

●​ Intellectual Property: No specific patents were identified, but PPPL's theory 
department develops and maintains critical simulation codes like TRANSP and HYM, 
which are used across the fusion community.90 

●​ Strategic Role: PPPL is a foundational research provider in both experimental and 
theoretical plasma physics. It is the leading U.S. center for FRC theory and a key node for 
public-private partnerships through its management of INFUSE and collaborations with 
companies like Helion and TAE. 

●​ Clandestine Program Links: 
○​ Black/Gray Track: Direct Link. PPPL is a critical node for the clandestine program. 

Its FRC Theory Consortium and experts like Dr. Elena Belova provide the world's 
leading unclassified expertise on the stability of FRCs—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.78 Woodruff Scientific, a 'gray' support node, has a long 
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history of collaborations with PPPL.1 The presence of Russian FRC talent 
(Romadanov) at PPPL also makes it a nexus for international human capital flows.1 

○​ White Track: No link found. 

 

2.21 SLAC National Accelerator Laboratory 
 

●​ Historical and Current Research Focus: SLAC is a DOE national laboratory operated by 
Stanford University. Its High-Energy Density Science (HEDS) division explores the physics 
of warm dense matter, shocks, and intense laser-plasma interactions using advanced 
X-ray sources like the Linac Coherent Light Source (LCLS).140 Their research involves 
using powerful lasers and X-rays to create and probe matter at extreme conditions, 
relevant to planetary science, materials science, and fusion.141 

●​ Funding and Contracts: SLAC is a federally funded R&D center. 
●​ Key Personnel & Human Capital Flows: No specific individuals with links to the FRC 

ecosystem were identified in the sources. 
●​ Collaborations and Partnerships: SLAC is a member of the General Atomics-led 

TINDeR FIRE Collaborative, where it will help develop advanced target tracking 
technology for high-repetition-rate lasers used in inertial fusion energy.57 

●​ Intellectual Property: The HEDS division maintains a list of publications in leading 
scientific journals like Nature and Physical Review Letters.141 

●​ Strategic Role: SLAC is a specialized research provider for HED physics and advanced 
diagnostics. Its unique X-ray free-electron laser (XFEL) capabilities allow for probing 
matter at unprecedented temporal and spatial resolutions, providing fundamental data 
that can validate simulation codes used across the fusion and materials science fields. 

●​ Clandestine Program Links: 
○​ Gray/Black Track: Indirect/Thematic Link. SLAC's 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 TINDeR FIRE Collaborative alongside General Atomics and LLNL places it within 
the government-managed innovation network, where its diagnostic capabilities can 
be leveraged to support broader fusion goals. 

○​ White Track: No link found. 

 

Part III: Strategic Synthesis and Conclusion 
 

This section integrates the findings from the individual dossiers into a cohesive strategic 
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picture, re-evaluating Richard Banduric's role and providing actionable intelligence 
recommendations. 

 

3.1 The Integrated Ecosystem Map 
 

The analysis of the expanded stakeholder network reveals a complex, multi-layered, and 
deliberately architected U.S. fusion and advanced propulsion ecosystem. The various tracks 
and entities do not operate in isolation but are interconnected through a sophisticated web of 
funding, collaboration, and human capital flows, managed by government agencies to 
maximize innovation while maintaining strict operational security. 

The 'white' track, represented by the NAVAIR 'Pais Effect' patents, remains completely 
isolated from all other entities.1 This is not an intelligence gap but a confirmation of its primary 
function as a strategic misdirection asset, designed to be highly visible but technologically 
disconnected from the genuine R&D efforts.1 

The 'black' track, centered on the Lockheed Martin Skunk Works® CFR program, maintains its 
firewalled status at the prime contractor level. However, its foundational science is deeply 
rooted in the national laboratory system, particularly the historical FRC and MTF research 
conducted at LANL.1 This track is supported by a key 'gray track' node, 

Woodruff Scientific, which conducts directly relevant, DoE-funded research on compact 
toroids and is professionally integrated with the LANL and PPPL communities.1 

The 'gray' tracks, including Banduric's FPT and Chase's UnLAB, are being actively woven 
together by the NSF into a coherent R&D cohort. This is achieved through convergent funding 
under a single program director, Anna Brady-Estevez, and curated networking events like the 
"US Space Disruptors Day," which foster intellectual cross-pollination around unifying 
concepts like Extended Electrodynamics.1 

The unclassified commercial track (e.g., CFS, Helion, Pacific Fusion) and the national lab 
track (ORNL, PPPL, LLNL, LANL) are being formally and systematically integrated through 
DOE-managed public-private partnership programs. The INFUSE and FIRE Collaboratives 
programs are the primary mechanisms for this integration, creating a government-sanctioned 
framework for technology transfer and knowledge sharing. This framework functions as a 
"permeable membrane," allowing the clandestine programs to harvest innovation and talent 
from the commercial sector via the national labs, which act as trusted, firewalled 
intermediaries. For example, ORNL collaborates with CFS on advanced materials through an 
INFUSE award; this fundamental materials data, critical for any fusion device, can then inform 
the 'black' track's efforts through ORNL's internal, firewalled channels without any direct 
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contact between Skunk Works® and CFS.25 These programs are not merely for promoting 
commercial fusion; they are a critical, deniable mechanism for the national security apparatus 
to leverage and de-risk technologies developed in the private sector. 

The following matrix provides a comprehensive visualization of these key relationships, 
illustrating both the verified connections and the deliberate firewalls that define the program's 
operational security. 

Table 1: Expanded Network Linkage Matrix 
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3.2 Reassessment of Richard Banduric's Strategic Role 
 

The expanded 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.1 This framework creates a common language that 
links his materials-based approach with Larry Forsley's LCF research and the vacuum 
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engineering concepts of Puthoff and Charles Chase, lending theoretical coherence to what 
might otherwise appear to be isolated, speculative projects.1 

Second, he provides a crucial technology bridge. FPT's dual-use hardware program, 
developing both propulsion and directed energy weapons from the same core metamaterial 
technology, connects the esoteric world of "edge physics" to tangible, mission-critical DoD 
requirements.1 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.1 

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).1 His active engagement solidifies the 
government's "network weaving" strategy, transforming a collection of funded projects into an 
integrated, collaborative ecosystem. 

 

3.3 Implications for Future Intelligence Collection 
 

The analysis of this expanded ecosystem points to several key vectors for future intelligence 
collection and monitoring to track the maturation and potential transition of these 
technologies. 

●​ Monitor Human Capital Flows: The movement of key personnel remains the most 
reliable leading indicator of technology transfer and program prioritization. Future 
monitoring should focus on tracking career paths of senior technical staff from the 
national labs (LLNL, LANL, PPPL, ORNL) and defense primes to the key commercial fusion 
companies (CFS, Helion, Pacific Fusion, General Atomics) and the established 'gray' 
tracks (FPT, UnLAB, Woodruff Scientific). The mass transfer of talent from LLNL to Pacific 
Fusion is a template for this type of indicator.102 

●​ Focus on Public-Private Partnership Programs: The INFUSE and FIRE Collaboratives 
programs should be treated as primary intelligence collection channels. New awards 
announced through these DOE programs will reveal the specific technical challenges 
being prioritized by the U.S. government and the key lab-industry partnerships being 
formed to solve them. These programs represent the formal, sanctioned pathways for 
technology diffusion from the unclassified to the clandestine realms. 

●​ Track Intellectual Property in Enabling Technologies: Monitoring should expand 
beyond patents for complete fusion reactors to include critical enabling technologies 
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where near-term breakthroughs are more likely. These include high-temperature 
superconductors, compact pulsed power systems, advanced plasma diagnostics, 
and radiation-hardened materials and electronics. These are the areas where 
innovations will have cross-cutting implications for all tracks of the clandestine program. 

●​ Monitor Foreign Competitor Progress: China's establishment of China Fusion Energy 
Co. and its development of major national facilities like CRAFT and CFETR represent a 
coordinated, state-directed strategic effort.13 Monitoring their progress in FRCs, 
tokamaks, and enabling technologies is critical for benchmarking U.S. efforts, identifying 
potential intelligence gaps, and assessing technology transfer risks. The explicit mention 
of FRC research in Sichuan province warrants focused attention.14 
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