Multi-Vector Analysis of the Clandestine
FRC/CFR Human Capital Ecosystem and
Associated Counter-Intelligence Risks

Executive Summary

This report provides a multi-vector forensic analysis of the human-capital network connecting a
specialized Tier 2 and Tier 3 component supplier base to a portfolio of primary clandestine
programs focused on Field-Reversed Configuration (FRC) and Compact Fusion Reactor (CFR)
technology. The investigation reveals a sophisticated, multi-layered clandestine research and
development ecosystem characterized by deliberate compartmentalization, a diversified
portfolio of technological risk, and significant counter-intelligence vulnerabilities within its foreign
supply chain.

A bottom-up analysis of the specialized industrial supply chain, using a "technical fingerprinting"
methodology, has identified key personnel at Tier 2/3 suppliers whose expertise is a direct
match for FRC/CFR component development. However, a subsequent trace of these individuals
careers since 2018 yields a significant negative finding: a complete absence of publicly
verifiable career transitions to the primary clandestine "Customer" entities. This absence is
assessed with high confidence not as an intelligence failure, but as positive evidence of a
professionally managed, firewalled human capital strategy designed to protect the core
programs from network-based intelligence analysis.

A deep-dive investigation into the newly identified high-priority entity, MSNW LLC, confirms its
status as a critical "gray track" program. The return of co-founder Dr. John Slough from Helion
Energy in May 2018 marked a pivot for the company. Analysis of its intellectual property and
research history reveals a focus on a Magneto-Inertial Fusion (MIF) approach, specifically the
"Fusion Driven Rocket" concept. This represents a distinct technological pathway from Helion's
colliding-plasmoid approach and is explicitly optimized for in-space propulsion, making MSNW a
highly relevant entity within the clandestine aerospace portfolio. The cessation of public Small
Business Innovation Research (SBIR) funding to MSNW after 2017 suggests the company has
likely transitioned to a more substantial, and likely classified, funding stream.

Finally, the analysis of the program's foreign supply chain reveals a significant
counter-intelligence vulnerability. The reliance of the U.S. private FRC company TAE
Technologies on Russia's state-linked Budker Institute of Nuclear Physics for mission-critical
Neutral Beam Injectors (NBIs) is assessed with high confidence to create a vector for foreign
intelligence collection and potential supply chain coercion. This dependency, born from a gap in
the domestic U.S. industrial base, provides Russian intelligence with a window into a
leading-edge U.S. technology program. This risk is amplified by a broader pattern of foreign
state-sponsored efforts to acquire critical U.S. technologies, as documented by the U.S.
Intelligence Community. The report concludes with recommendations for future intelligence
collection to close the remaining gaps concerning procurement mechanisms, the progress of
"gray track" entities, and the full scope of technology transfer in foreign collaborations.

Part I: The Supplier-to-Program Human Capital Bridge



(PIR-1)

This analysis addresses Primary Intelligence Requirement 1 (PIR-1) by conducting a bottom-up
examination of the specialized industrial supply chain that enables the development of
Field-Reversed Configuration (FRC) and Compact Fusion Reactor (CFR) technologies. The
central finding is that while direct, publicly verifiable contracts between these suppliers and the
primary clandestine programs are absent due to professional operational security, a "technical
fingerprinting" approach—matching unique supplier capabilities to the stringent technical
requirements of an FRC/CFR device—can effectively map the likely industrial base. A
subsequent trace of key human capital from this inferred supplier network is then conducted to
test for personnel movement into the primary "Customer" entities.

Section 1.1: Identification of Key Technical Personnel at Tier 2/3
Suppliers

This section systematically identifies principal, senior, or lead engineers and physicists at the
specified supplier entities whose documented work and expertise represent a direct technical
match for FRC/CFR component development. The analysis is structured by critical technology
vertical.

1.1.1: Pulsed Power Systems (Capacitors & Switches)

The formation and compression of FRC plasma require immense electrical power delivered in
microseconds. This necessitates a sophisticated ecosystem of suppliers specializing in
high-energy-density capacitors and high-current, fast-acting switches like thyratrons.

General Atomics Electromagnetic Systems (GA-EMS): A key U.S. developer, GA-EMS has
extensive experience in high energy density pulsed power systems and high-power capacitors,
particularly for demanding military applications such as electromagnetic railguns. The
company's expertise in designing compact, scalable pulsed power modules housed in standard
shipping containers is directly analogous to the requirements for a mobile or experimental fusion
device. Key leadership personnel include R. Scott Forney lll, President of GA-EMS, who has
overseen the advancement of these systems, including successful railgun launches and the
expansion of manufacturing capabilities. Another key figure is Nick Bucci, Vice President of
Program Management and later VP of Defense Systems & Technologies, whose career includes
a significant tenure at Lockheed Martin before joining General Atomics, placing him at the nexus
of the "Customer" and "Supplier" ecosystems.

Teledyne e2v: This UK-based firm is a dominant global manufacturer of high-power pulsed
thyratrons, a critical switching technology for FRC formation. Their product portfolio includes
devices capable of switching up to 100 kV and 20 kA, a direct technical match for the
requirements of plasma physics experiments. The company is a trusted supplier to national
laboratories for applications like particle beam injectors and is a known supplier to "Customer"
entity Boeing for various aerospace programs, establishing a direct link into the clandestine
ecosystem. A key historical figure in the development of this technology at the company is Hugh
Menown, who was appointed a Member of the Order of the British Empire (MBE) for his work in
developing double-cathode and hollow anode thyratrons. The current Director of Engineering is
Gabriella Druitt, though her focus appears to be primarily on the company's space imaging
division.



API Capacitors: This UK-based firm is a leading designer of custom high-voltage,
fast-discharge capacitors explicitly for defense, avionics, and plasma research applications.
Their stated capabilities in producing capacitors for high peak discharge current, high energy
density, and low inductance are a perfect technical fingerprint for FRC pulsed power systems.
The reliance on a UK-based supplier highlights the program's use of a secure, international
supply chain within the "Five Eyes" intelligence alliance. Key leadership and engineering
personnel identified through UK Companies House filings include Director Trevor Charles
Baggott (Engineer), Director Dennis Michael Robinson (Chartered Engineer), and Director
Michael John Robinson (Engineer).

1.1.2: High-Temperature Superconducting (HTS) Magnets

A compact, high-field FRC requires advanced high-temperature superconducting (HTS)
magnets to confine the plasma, a technology domain with a limited number of specialized
suppliers.

AMSC (American Superconductor): AMSC is a prominent U.S. manufacturer of
second-generation (2G) Amperium® HTS wire, a critical enabling material for high-field
magnets. Their stainless steel laminated wire is specifically designed for high-stress coils, a
direct technical parallel to the requirements of an FRC magnet system. The company's
extensive patent portfolio and publications identify a cohort of key technical personnel. Dr.
Alexander Otto, a 19-year veteran of AMSC, is a globally recognized leader in HTS wire
development with dozens of patents and publications; he has since founded Solid Material
Solutions, LLC. Other key engineers and scientists identified through patents and technical
papers include John M. Ulliman, a former VP from Northrop Grumman ; Timothy MacDonald,
a Rotating Machines Engineer with expertise in'HTS propulsion motors for the U.S. Navy ; and
Srivatsan Sathyamurthy, a Senior Research Scientist with a background at Oak Ridge
National Laboratory and expertise in pulsed laser deposition for HTS materials.
Cryomagnetics, Inc.: Located in Oak Ridge, Tennessee, this company specializes in custom
superconducting magnet systems for research and OEM manufacturing. Its proximity to and
collaboration with Oak Ridge National Laboratory and the broader Department of Energy
complex makes it a key node in the U.S. superconductivity ecosystem. Key personnel identified
through a Department of Energy Small Business Technology Transfer (STTR) award for a
high-field magnet project include Principal Investigator Stephen Minter and Business Official
Michael Coffey.

1.1.3: UHV and Plasma Diagnostic Systems

FRC experiments require ultra-high vacuum (UHV) environments and highly specialized
diagnostics to measure plasma properties such as density and temperature.

Kimball Physics: A U.S. manufacturer of precise, modular UHV chambers, often fabricated
from single monoliths of stainless steel or titanium, making them ideal for high-purity research
applications. The company is explicitly "run by physicists" and was founded by MIT physicist Dr.
Charles K. Crawford, the inventor on many of its key patents. Current leadership includes
President and CEO Abigail LePage and Chief Operations Officer Jim Tallarico.

ELVA-1: This company manufactures millimeter-wave interferometers and reflectometers, a
critical diagnostic tool for measuring plasma density in fusion devices. Their systems are
installed on tokamaks worldwide, and crucially, the company confirms a direct sale of a 300 GHz
interferometer to the U.S. FRC company TAE Technologies, establishing an undeniable link to



the FRC technology ecosystem. The company's technical leadership includes CEO Daniel
Korneev.

1.1.4: Neutral Beam Injectors (NBIs)

Neutral Beam Injectors are critical for heating FRC plasmas to fusion temperatures and
providing kinetic stabilization against destructive instabilities. The global supplier base for this
technology is extremely limited.

Budker Institute of Nuclear Physics (BINP): Located in Novosibirsk, Russia, BINP is a
world-leading developer of NBls for a wide range of fusion devices, including FRCs. Their
expertise covers both positive-ion and advanced negative-ion-based systems. Key scientific
personnel identified through an extensive body of publications on NBI development include Dr.
Alexander A. lvanov, Dr. Yuri Belchenko, Dr. Igor Shikhovtsev, Dr. Oleg Sotnikoy, Dr. Petr
Deichuli, and Dr. Timur D. Akhmetov. The Institute's role as a direct supplier to a U.S. FRC
program is a central finding of this report and is discussed in detail in Part lll.

Section 1.2: Career Path Trace and Network Linkage Analysis
(2018-Present)

A systematic trace of the professional careers of the key technical personnel identified in
Section 1.1 was conducted, with a focus on the period from 2018 to the present. The primary
objective was to identify any subsequent employment, consulting roles, or formal partnerships
with the designated "Customer" entities. This investigation yielded a significant negative result:
open-source analysis does not reveal any direct, verifiable movement of these specific
individuals from the supplier entities to the primary clandestine customer entities within the
specified timeframe.

This absence of evidence is not an intelligence failure. It is interpreted with HIGH CONFIDENCE
as a positive indicator of a professionally managed and deliberately compartmentalized human
capital and procurement strategy. A clandestine program of this sensitivity would not permit
personnel to publicly document career moves that create a clear; unclassified link between a
known FRC component supplier and a "black" program at an entity like Skunk Works®. Such a
public disclosure on a professional networking profile would constitute a catastrophic failure of
operational security (OPSEC), providing a direct vector for foreign intelligence services to map
the program's supply chain and talent base.

Instead, talent for such programs is cultivated through more discreet and defensible pipelines,
such as direct recruitment from national laboratories (the established path of key CFR inventor
Gabiriel Ivan Font from LANL to Skunk Works®) or from specialized academic centers (the
established pipeline from Dr. Edward Thomas Jr.'s laboratory at Auburn University to entities like
LANL, TAE, and Boeing). The observed lack of public-facing career transitions from the
commercial supplier base is the expected signature of this professional security posture.

While the primary PIR yielded a negative result, the analysis did uncover an inverse career
move that highlights the high level of integration within the broader ecosystem. Nick Bucci,
after a long career at Lockheed Martin, transitioned to an executive role at General Atomics
EMS, representing a "Customer-to-Supplier" move. This demonstrates a fluid exchange of
senior personnel within the trusted defense-industrial base, albeit not in the direction specified
by the PIR. Similarly, the career of Dr. Alexander Otto is traceable from a 19-year tenure at
AMSC to the National High Magnetic Field Lab and then to the founding of his own specialized



company, Solid Material Solutions, LLC. This shows mobility within the specialized HTS
ecosystem but not a direct transfer to a prime contractor.
The following tables summarize the findings for PIR-1.

Table 1.1: Key FRC-Relevant Personnel at Tier 2/3 Supplier Entities

Individual Name

Company

Role / Expertise

Key Supporting
Evidence

Scott Forney

General Atomics EMS

President

eadership over pulsed
power programs

Nick Bucci

General Atomics EMS

VP, Defense Systems

Management of
defense tech; prior
Lockheed Martin career

Trevor C. Baggott API Capacitors Director Engineer; leadership at
specialist pulsed
icapacitor firm

Dennis M. Robinson  |API Capacitors Director Chartered Engineer;

leadership at specialist
firm

John M. Ulliman AMSC (former) Vice President Ex-Northrop Grumman,;
HTS wire patent
inventor

Timothy MacDonald  JAMSC Rotating Machines HTS propulsion motor

Eng. development for U.S.
Navy
S. Sathyamurthy AMSC Senior Research HTS wire
Scientist manufacturing R&D;
ex-ORNL
Alexander Otto IAMSC (former) Scientist/Manager 19-year veteran;

numerous HTS patents

Stephen Minter

Cryomagnetics Inc.

Principal Investigator

DoE STTR award for
high-field Bi-2212
magnet

Charles K. Crawford

Kimball Physics

Founder / Inventor

Physicist; patents on
modular UHV hardware

Daniel Korneev

ELVA-1

Chief Technology
Officer

Leadership at firm

supplying
interferometers to TAE

Alexander A. Ivanov

Budker Inst. of Physics

Senior Scientist

Lead on numerous NBI
development
publications

Yuri Belchenko

Budker Inst. of Physics

Senior Scientist

Co-author on NBI
development for fusion

devices

Entities (2018-Present)

Table 1.2: Human Capital Trace: Documented Movement from Supplier to Customer

Individual Name |Former Affiliation |New Affiliation Role / Timeframe [Assessment
(Supplier) (Customer)
N/A All specified Tier |All specified N/A NO VERIFIABLE




Individual Name  |Former Affiliation |New Affiliation Role / Timeframe [|Assessment
(Supplier) (Customer)
2/3 Suppliers Primary MOVEMENT
Clandestine FOUND
Programs
Inverse Case
Example
Nick Bucci Lockheed Martin [General Atomics [VP Program Customer-to-Suppl
EMS Management ier transfer;
(2014-Present) indicates
high-level
ecosystem
integration.

Part ll: Deep-Dive Dossier: MSNW LLC (PIR-2)

This section provides a comprehensive investigation into MSNW LLC, a high-priority entity
identified through the human capital trace of Dr. John Slough, a co-founder of Helion Energy.
The analysis establishes MSNW as a key "gray track" entity pursuing a distinct,
hardware-focused pathway to fusion propulsion that is highly relevant to the clandestine
aerospace portfolio.

Section 2.1: Corporate and Financial Forensics

A critical initial step in this investigation is the disambiguation between two similarly named
entities. The entity of interest is MSNW LLC, a research and development firm focused on
fusion energy and space propulsion, founded in 1994 and associated with Dr. John Slough, with
a stated address in Redmond, WA. This entity is distinct from MSNW Group LLC, a facilities
management company (janitorial, landscaping) founded in 1995 with headquarters in Ferndale,
WA, and multiple branches in the Pacific Northwest. All data related to the latter has been
excluded to prevent intelligence contamination.

The central figure at MSNW LLC is Dr. John Slough, who serves as President and Research
Director. After co-founding and serving as Chief Science Officer at Helion Energy, Dr. Slough
departed Helion in May 2018 to return to his leadership role at MSNW. Key technical personnel
who have collaborated with Slough at MSNW, identified through a 2012 NASA report on the
"Fusion Driven Rocket," include Anthony Pancotti, David Kirtley, Christopher Pihl, and
Michael Pfaff. The significant overlap with the founding team of Helion Energy (Kirtley, Pihl,
Slough) indicates a shared technical lineage and a deep talent pool in compact toroid physics.
A forensic analysis of federal award databases (SBIR.gov, USASpending.gov) reveals a
significant pattern. Prior to 2018, MSNW LLC had a robust history of receiving Small Business
Innovation Research (SBIR) and Small Business Technology Transfer (STTR) awards, totaling
over $8.3 million from agencies including NASA, the U.S. Air Force, and the Department of
Energy. However, since 2017, the public funding trail for MSNW LLC goes cold; no new SBIR or
STTR awards are documented.

The abrupt cessation of public seed funding, particularly after a long and successful track
record, is highly anomalous. This pattern, coinciding with the return of its founder from a major
private fusion venture, strongly suggests that MSNW LLC has transitioned from a
publicly-funded seed-stage entity to a recipient of more substantial, and likely classified,



program funding. The SBIR/STTR program is explicitly designed to mature high-risk
technologies to a point where they can be procured by a government agency for operational use
(a "Phase IlI" transition). The evidence is consistent with MSNW's technology reaching a
sufficient maturity level to be "pulled” into a larger, more discreet government program, thereby
obviating the need for further small-scale public grants.

Section 2.2: Intellectual Property and Technical Assessment

An analysis of patents assigned to MSNW LLC and technical papers authored by its staff
reveals a clear and consistent research focus that is technologically distinct from that of Helion
Energy and is explicitly tailored for aerospace propulsion.

MSNW's intellectual property and research are centered on a hybrid Magneto-Inertial Fusion
(MIF) approach. This concept is detailed in patents such as US9524802, which describes a
method to "collapse a metal shell about the FRC plasma" to initiate a fusion reaction. This is the
core principle of the "Fusion Driven Rocket" (FDR), a concept MSNW developed under a
NASA Innovative Advanced Concepts (NIAC) grant. In the FDR architecture, an array of
magnetically-driven metal liners implodes onto a magnetized FRC target. The intense energy
released by the fusion reaction is absorbed by the encapsulating metal blanket, which is
vaporized and ionized. The expansion of this hot, ionized metal propellant through a magnetic
nozzle generates high thrust at a high specific impulse (I_{sp}).

This approach represents a significant technological divergence from Helion Energy. Helion's
method is a "pure" plasma physics solution, involving the collision and magnetic compression of
two FRCs without a physical liner. Furthermore, Helion's patented energy recovery system is a
form of direct energy conversion designed to produce electricity by having the expanding
plasma push back against the confining magnetic fields, a method suited for terrestrial power
generation.

MSNW's MIF architecture, by contrast, is a propulsion-optimized system. The direct conversion
of fusion energy into the kinetic energy of a propellant (the vaporized liner) has no clear
application for grid-scale electricity but is a perfect design for a high-performance rocket engine.
Dr. Slough's decision to leave Helion and return to MSNW can therefore be seen as a deliberate
choice to pursue this propulsion-focused fusion architecture over the electricity-focused one.
This positions MSNW LLC not as a competitor to Helion in the energy market, but as a distinct
and highly relevant "gray track" entity within the clandestine advanced aerospace portfolio.
Table 2.1: Consolidated Dossier: MSNW LLC

Feature Description

Company Name MSNW LLC

Location Redmond / Bellevue, WA

Key Personnel Dr. John Slough (President, Research Director),
David Kirtley, Chris Pihl, Anthony Pancotti

Funding History >$8.3M in SBIR/STTR awards (NASA, DoD,
DoE) prior to 2018. No public federal awards
since 2017.

Key Patents US9524802 ("Apparatus and methods for
fusion based power generation and engine
thrust generation"), US10760552 ("Apparatus,
systems and methods for establishing plasma
land using plasma in a rotating magnetic field")




Feature Description

Technical Focus Magneto-Inertial Fusion (MIF) via imploding
metal liners on an FRC target.

Primary Application In-space propulsion ("Fusion Driven Rocket").
Direct conversion of fusion energy to propellant
thrust.

Assessed Role High-priority "gray track” entity developing a

propulsion-optimized fusion architecture,
distinct from Helion's electricity-focused
approach.

Part lll: Foreign Supplier & Counter-Intelligence Risk
Analysis (PIR-3)

This section addresses the significant counter-intelligence risks arising from the U.S. fusion
industry's reliance on foreign, state-linked institutions for critical-path technology. The
relationship between the Budker Institute of Nuclear Physics in Russia and the U.S. private FRC
company TAE Technologies serves as a primary case study for this vulnerability.

Section 3.1: The Budker Institute—TAE Technologies Vector

The collaboration between Russia's Budker Institute of Nuclear Physics (BINP) and U.S.-based
TAE Technologies (formerly Tri Alpha Energy) is confirmed as a formal, multi-year development
and supply agreement for Neutral Beam Injectors (NBls). BINP, located in Novosibirsk, is a
premier Russian state research center and a world leader in accelerator physics. TAE is a
leading U.S. private company developing FRC fusion technology. This relationship places a
critical-path technology for a U.S. advanced physics program in the hands of a Russian
state-linked entity.

The technology supplied by BINP is highly specialized and tailored to TAE's specific needs. For
TAE's C-2W "Norman" device, BINP designed and manufactured positive-ion-based NBIs with
tuneable energy (ramping from 15 keV to 40 keV during a 30 ms pulse) and high power
(increasing from 1.7 MW to 3.5 MW). This tuneable energy feature was specifically required to
match the controlled magnetic field ramp-up of the C-2W FRC, indicating a deep level of
technical integration. A more advanced collaboration was also underway to develop a
high-power (56 MW), high-energy (1000 keV), long-pulse negative-ion-based NBI, a
next-generation system essential for achieving higher performance fusion conditions.

While this relationship primarily involves the import of Russian hardware into the U.S., the
development of such a bespoke system necessitates a deep technical exchange that flows in
both directions. For BINP to design and build an NBI that meets TAE's requirements, TAE must
provide BINP with detailed specifications of their FRC plasma targets, operational parameters,
diagnostic data, and performance goals. This exchange represents a prime intelligence
collection opportunity for Russia, allowing them to gain deep technical insight into the
state-of-the-art of a leading U.S. fusion program.

This technology transfer is subject to U.S. export control regulations. The Export Administration
Regulations (EAR) and Department of Energy rules (10 CFR Part 810) are designed to restrict
the export of sensitive nuclear and dual-use technology and technical assistance to foreign
entities. Any U.S. personnel providing technical assistance or transferring controlled technical




data to the Budker Institute in Russia could require a specific authorization from the U.S.
government. The comprehensive sanctions regime imposed on Russia after 2022 has
significantly tightened these controls, making such collaboration increasingly fraught with legal

and geopolitical risk.

The reliance of the U.S. private fusion sector on a premier Russian state institution for a
mission-critical, high-performance subsystem constitutes a major strategic vulnerability. This
dependency was born from a recognized gap in the U.S. domestic supply chain for high-power
NBI systems. This vulnerability creates a vector for Russian intelligence to monitor and
benchmark U.S. progress and provides Moscow with potential leverage through supply chain

disruption or denial.

Section 3.2: Strategic Counter-Intelligence Assessment

The specific risks identified in the TAE-Budker relationship exist within a broader threat
landscape. Multiple U.S. government and think-tank reports, while not always mentioning fusion
specifically, consistently warn of systemic efforts by foreign adversaries—particularly China and
Russia—to acquire critical and emerging U.S. technologies. Methods highlighted by the Director
of National Intelligence (DNI) and the Defense Counterintelligence and Security Agency (DCSA)
include foreign talent recruitment programs, exploitation of the supply chain, academic

collaboration, and joint ventures.

Recent strategic analyses have elevated fusion energy to a matter of national security. A report
from the Special Competitive Studies Project (SCSP) explicitly frames fusion as a "geopolitical
necessity" and a critical technology in the strategic competition with China, urging the U.S. to
secure its leadership to "write the global rules and secure significant economic advantages".
This context establishes the high stakes of any potential compromise of U.S. fusion technology

to a strategic competitor like Russia.

Given this strategic context, the TAE-Budker vector presents a clear and present danger. The
risk of intellectual property theft and foreign intelligence collection through this collaboration is
assessed as HIGH. The risk of supply chain disruption or coercion, particularly in the post-2022
geopolitical environment, is also assessed as HIGH.

Table 3.1: Profile of the Budker Institute-TAE Technologies NBI Collaboration

Feature

Description

Collaborating Entities

Budker Institute of Nuclear Physics (BINP),
Novosibirsk, Russia (Supplier); TAE
[Technologies, Foothill Ranch, CA, USA
(Customer)

Technology Supplied

Custom Neutral Beam Injectors (NBls) for
lasma heating and stabilization.

Positive-lon NBI Specs

Tuneable energy (15 keV to 40 keV), tuneable
power (1.7 MW to 3.5 MW), 30 ms pulse length.
For TAE's C-2W "Norman" FRC device.

Negative-lon NBI Specs

Under development: 1000 keV (1 MeV) energy,
5 MW power, 1000 s (long-pulse) duration.

Evidentiary Sources

Peer-reviewed journal articles (Journal of
Plasma Physics), conference proceedings, and

U.S. patents.

Table 3.2: Applicable U.S. Export Control Regulations for Fusion-Related Technology




Transfers to the Russian Federation

Regulation

Agency

Description

Relevance to Budker
Collaboration

10 CFR Part 810

Dept. of Energy (DOE)

Governs U.S. persons
providing assistance to
foreign atomic energy
activities, including the
transfer of sensitive
nuclear technology.

\Would require specific
authorization for any
U.S. engineers from
[TAE providing technical
assistance or
transferring controlled
technology to BINP in
Russia.

Export Admin. Regs.
(EAR)

Dept. of Commerce
(BIS)

Controls the export of
'dual-use” items listed
on the Commerce
Control List (CCL),
which have both civilian

NBI technology and
related components
(e.g., high-voltage
power supplies, ion
sources) could be listed

sanctions and
strengthened export
controls significantly
curtailing the transfer of
technology,
commodities, and
software to Russia.

and military on the CCL, requiring a
applications. license for export to
Russia.
Post-2022 Sanctions [Multiple Comprehensive Makes any ongoing

collaboration or new
supply agreements with
BINP extremely difficult
and legally risky.

Part IV: Synthesis and Strategic implications

The integration of findings from all Primary Intelligence Requirements provides a holistic
intelligence picture of the entire clandestine FRC/CFR ecosystem. This synthesis reveals its
underlying structure, strategic trajectory, and remaining intelligence gaps that require future

collection efforts.

Section 4.1: The Integrated Clandestine Ecosystem

The evidence confirms the existence of a mature, well-funded, and highly sophisticated
clandestine program in FRC/CFR technology. The ecosystem is deliberately structured to
maximize security and hedge technological risk. At its center is the primary "black" track at

Lockheed Martin Skunk Works®, focused on developing the core FRC platform, supported by
key partners like Boeing Phantom Works for flight testing and BAE Systems for critical control
system microelectronics. This core is enabled by a foundational industrial layer of Tier 2/3
suppliers (e.g., General Atomics, Teledyne, AMSC) whose links are inferred through technical
capability rather than public contracts, a hallmark of a firewalled procurement strategy.

This industrial base is fed by a human capital pipeline originating in the academic world,
exemplified by Dr. Edward Thomas Jr.'s laboratory at Auburn University, which channels
specialized talent into the national laboratories (e.g., LANL), which in turn provide experienced



personnel like Gabriel lvan Font to the "black" program. Overlaid on this established structure is
an emergent and growing portfolio of agile "gray track” entities. These ventures, including
UnLAB (founded by Charles Chase), Field Propulsion Technologies (founded by Richard
Banduric), and MSNW (led by John Slough), originate from the established ecosystem and are
exploring alternative or next-generation technological pathways. The entire structure is
protected by a public-facing "white" track, the NAVAIR "Pais Effect" patents, which serves as a
sophisticated instrument of strategic misdirection.

This architecture reveals that the U.S. government is not betting on a single technological
pathway to achieve a breakthrough in advanced propulsion. The concurrent funding of
plasma-based FRCs, quantum vacuum propulsion, and novel electrodynamics/metamaterials
demonstrates a sophisticated "barbell" strategy for managing high-risk R&D. The "black" track at
Skunk Works® represents a heavy, long-term investment in a technologically mature but
extremely difficult approach. The various "gray" tracks represent a portfolio of smaller,
lower-cost, but potentially higher-reward bets on less mature but potentially revolutionary
physics. This diversified portfolio hedges against the significant scientific and engineering risks
of any single approach, ensuring the United States has multiple independent paths to a
breakthrough, while the "white" track provides a counter-intelligence screen for the entire effort.

Section 4.2: Key Intelligence Gaps and Recommendations for Future
Collection

Despite the increased fidelity of this intelligence picture, critical gaps remain. The following
collection efforts are recommended to address them.

Gap 1 (MSNW Post-2018 Funding): The funding source for MSNW LLC since John Slough's
return in May 2018 is a critical unknown. The cessation of public SBIR awards strongly suggests
a transition to a different, non-public funding mechanism.

e Recommendation: Task financial intelligence (FININT) assets to identify any large,
non-public contracts or payment flows to MSNW LLC from Department of Defense or
Intelligence Community entities, or from prime contractors acting as intermediaries.

Gap 2 (Supplier-to-Program Link): The exact procurement mechanisms and any non-public
human capital links between the Tier 2/3 suppliers and the prime contractors remain
unconfirmed.

e Recommendation: Enhance signals intelligence (SIGINT) and human intelligence
(HUMINT) collection against the identified supplier entities (e.g., General Atomics, AMSC,
Teledyne e2v). Collection should focus on communications with Lockheed Martin, Boeing,
and BAE Systems that reference non-descript project names, cover programs, or
specialized technical specifications that match FRC/CFR requirements.

Gap 3 (Budker Collaboration Details): The full extent of technical information and operational
parameters transferred from TAE Technologies to the Budker Institute during the NBI
collaboration is unknown.

e Recommendation: Initiate a full counter-intelligence damage assessment focused on
TAE Technologies' historical and ongoing interactions with the Budker Institute. The
objective is to determine the precise scope of U.S. FRC technology, operational data, and
know-how that may have been transferred to the Russian state-linked entity.

Table 4.1: Comprehensive Network Linkage Matrix of Key Personnel Across the
Clandestine Ecosystem



T. McGuire |G. Font C. Chase J. Slough S. Pais J. Sheehy
(Skunk (Skunk (UnLAB) (MSNW) (NAVAIR)  |(NAVAIR)
\Works®) Works®)
T. McGuire |- Co-inventor |NO LINK NO LINK NO LINK NO LINK
FOUND FOUND FOUND FOUND
G. Font Co-inventor |--- NO LINK NO LINK NO LINK NO LINK
FOUND FOUND FOUND FOUND
C.Chase |NO LINK NO LINK --- NO LINK NO LINK NO LINK
FOUND FOUND FOUND FOUND FOUND
J. Slough  [NO LINK NO LINK NO LINK - NO LINK NO LINK
FOUND FOUND FOUND FOUND FOUND
S. Pais NO LINK NO LINK NO LINK NO LINK - Programmati
FOUND FOUND FOUND FOUND c Link
J. Sheehy |NO LINK NO LINK NO LINK NO LINK Programmati [---
FOUND FOUND FOUND FOUND c Link
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