INTELLIGENCE REPORT: Analysis of the
Weber-Slough Human Capital Bridge
and Potential Technology Transfer
Between LANL and MSNW Propulsion
Programs

|. Executive Summary

This report presents a deep-dive analysis of the professional relationship between Dr. Toru E.
Weber, formerly of Los Alamos National Laboratory (LANL), and Dr. John T. Slough, founder of
MSNW LLC. The investigation concludes with high confidence that their collaboration on the
Electrodeless Lorentz Force (ELF) thruster represents a significant, previously unmapped
nexus between the foundational plasma physics underpinning the LANL-based Magnetized
Target Fusion (MTF) program—a "black track" precursor—and the applied propulsion
technology of the MSNW-based "“gray track."

The central judgment of this report is that this connection was not a formal,
government-sanctioned technology transfer channel from LANL to MSNW. Instead, the
evidence indicates it was an academic-industrial partnership initiated while Dr. Weber was a
researcher at the University of Washington, a period that predates his lead role on the pivotal
Magnetized Shock Experiment (MSX) at LANL. This chronological sequencing is critical; it
suggests that the collaboration provided Dr. Weber with formative exposure to advanced
Field-Reversed Configuration (FRC) propulsion concepts, which likely informed his
subsequent, innovative problem-solving within the distinct and more challenging high-density
physics regime of the LANL MTF program.

The University of Washington emerges from this analysis as a critical, neutral-ground
incubator for specialized talent. This academic hub fostered the interaction that allowed
expertise to be cultivated before being funneled into separate, high-priority national
programs. The Weber-Slough link is therefore assessed to be a prime example of this



ecosystem's function, representing a cross-pollination of ideas at the academic level rather
than a direct, programmatic transfer between the two firewalled research tracks.

Il. Analysis of Primary Intelligence Requirements (PIRs)

PIR-1: What is the full timeline and nature of the Weber-Slough
collaboration? Was it limited to the ELF thruster paper, or is there
evidence of other joint work, consultations, or shared projects?

The professional collaboration between Dr. Toru E. Weber and Dr. John T. Slough is publicly
documented through a focused body of work on the Electrodeless Lorentz Force (ELF)
thruster concept. This collaboration appears to be a discrete, project-based partnership
centered on Weber's academic research, rather than a continuous, career-spanning
consultation.

The collaborative output is anchored by at least two key publications: a 2009 paper presented
at the International Electric Propulsion Conference (IEPC) titled "Pulsed Plasmoid Propulsion:
The ELF Thruster" " and a more detailed 2012 article in the

Review of Scientific Instruments titled "The electrodeless Lorentz force (ELF) thruster
experimental facility".® The timeline of this collaboration is of paramount intelligence value, as
it reframes the direction of potential knowledge transfer. The 2009 IEPC paper explicitly lists
Weber's affiliation as the "University of Washington, Seattle, WA" and Slough's as "MSNW,
Redmond, WA".! Weber's 2010 dissertation was also on the ELF thruster experiment, further
cementing this timeframe.® This chronology places their joint work squarely within Weber's
academic tenure and well before the primary operational period of the LANL Magnetized
Shock Experiment (MSX), which was active circa 2013-2015.°

The nature of the collaboration is characteristic of a classic academic-industrial partnership,
likely forming the basis of Weber's graduate or post-graduate research at the University of
Washington. Dr. Slough, as an established expert and the founder of a local, specialized R&D
firm, would have been a natural collaborator and mentor for advanced propulsion research
conducted at the university. This is further supported by the fact that the ELF program was a
Small Business Technology Transfer (STTR) grant awarded to MSNW by the Air Force Office of
Scientific Research, a funding mechanism specifically designed to foster such partnerships



between small businesses and research institutions.®

While open-source data points only directly to the ELF thruster work, the depth of this
collaboration over several years suggests a significant professional relationship. However,
there is no evidence of further joint publications or formal consultations after Dr. Weber's
transition to Los Alamos National Laboratory. The collaboration was therefore an intense but
bounded partnership focused on the ELF concept. The temporal relationship between this
collaboration and the key LANL programs is detailed in Table 1.

Table 1: Chronology of Weber-Slough Collaborative Activities and Key Career

Milestones

Date Event/Publicati | Weber's Role & [ Slough's Role Relevant

on Affiliation & Affiliation Programmatic
Context

c. 2007-2013 FRCHX N/A N/A Integrated MTF

Operations experiment at
AFRL, stalled
by FRC lifetime
issues °

2009 IEPC Paper: Co-Author; Lead Author; Foundational
"Pulsed University of MSNW LLC ' paper on the
Plasmoid Washington ' ELF thruster
Propulsion: concept.

The ELF

Thruster"

2010 Dissertation: Author; N/A Culmination of
"The University of Weber's
electrodeless Washington ° academic
Lorentz force research on
thruster the ELF
experiment" concept.

2012 RSI Paper: Lead Author; Co-Author; Detailed
"The University of MSNW LLC * experimental
electrodeless Washington * validation of
Lorentz force the ELF
(ELF) thruster thruster




experimental

hardware.

facility"
c. 2013-2015 MSX Lead N/A MSX
Operations Researcher; established at
Los Alamos LANL to solve
National the FRCHX
Laboratory * lifetime
problem.
April 29, 2015 Physics of Lead Author; N/A Publication of
Plasmas Los Alamos the
Paper: National breakthrough
"Plasma-gun-a | Laboratory * plasma-gun
ssisted FRC technique
formation..." developed on

MSX.

The timeline established in Table 1 fundamentally inverts the initial intelligence hypothesis of a
potential knowledge flow from the LANL "black track" to the MSNW "gray track." The
interaction occurred before Dr. Weber's key contributions at LANL. He was exposed to Dr.
Slough's advanced, propulsion-focused FRC concepts as a student researcher. This suggests
that foundational knowledge and experience regarding FRCs for propulsion flowed from the
established expert (Slough) to the junior researcher (Weber). This early immersion in the
state-of-the-art of the "gray track" likely provided Weber with a unique and valuable
perspective that he later brought to bear on the distinct challenges of the "black track.”

PIR-2: What specific technical expertise did each individual bring to
the collaboration? How did Weber's hands-on experience with the
MSX experiment and plasma-gun assisted formation complement
Slough's work on FRC thrusters?

Dr. Slough and Dr. Weber represent two distinct and parallel branches of FRC technology
development, each optimized for fundamentally different operational regimes and strategic
end-goals. Their respective areas of expertise are not directly complementary but rather
showcase divergent solutions to different physics problems.

Dr. Slough's Expertise (The "Gray Track"): RMF-Driven Propulsion




Dr. Slough is the established pioneer of the ELF thruster, a concept rooted in his earlier work
on the NASA-sponsored FRC Acceleration Space Thruster (FAST) experiment.3 His expertise,
documented across numerous patents and publications, centers on the formation of FRC
plasmoids using a

Rotating Magnetic Field (RMF)." RMF is an elegant, radio-frequency-based current drive
technique that is highly suitable for the repetitive, high-efficiency operation required for an
in-space thruster. The goal is to create a stable, translatable plasmoid that can be accelerated
to high velocity, typically in a lower-density plasma regime than that required for Magnetized
Target Fusion.® This approach is engineered for high specific impulse (

Isp) and long operational lifetime, hallmarks of an advanced propulsion system.?

Dr. Weber's Expertise (The "Black Track"): Plasma-Gun-Assisted Formation

Dr. Weber's seminal contribution, developed later during his tenure at Los Alamos National
Laboratory, was the plasma-gun-assisted formation technique for the MSX experiment.3 This
was a novel, "brute force" solution engineered to overcome a specific and critical physics
challenge: the suppression of ionization in the high-density (

n=1017 cm-3), high-magnetic-field theta-pinch required for the MTF concept.® The traditional
formation method was failing under these extreme conditions. Weber's technique involved
using an annular array of 12 coaxial plasma guns to inject a "seed plasma" into the formation
chamber prior to the main discharge. This catalyzed the bulk ionization and fundamentally
changed the physics of flux-trapping from a rapid, Alfvenic “"convective process" to a "much
slower resistive diffusion process," enabling a landmark ~350% increase in the trapped
magnetic flux—the key parameter for FRC stability and lifetime.’

The premise that Weber's MSX experience complemented Slough's work is temporally
inverted. Weber's work on the ELF thruster with Slough predated his development of the
plasma-gun technique at LANL. The two methods are distinct solutions for different problems.
Slough's RMF is an elegant driver for a high-repetition-rate thruster, whereas Weber's plasma
gun is a powerful tool to initiate a single, high-density FRC under conditions where other
methods fail. The collaboration was not about transferring a specific piece of hardware—the
plasma guns used on MSX were a LANL development—but about the transfer of fundamental
knowledge. Weber's early work with Slough provided him with a deep understanding of FRC
physics, which he then leveraged to invent a completely new technique tailored to the unique
and more demanding problem set he faced at LANL.

Table 2: Comparative Technical Analysis of FRC Formation Methodologies

Feature Slough's RMF-driven Weber's
Formation (MSNW "Gray Plasma-Gun-Assisted
Track") Formation (LANL "Black




Track")

Physics Principle

Steady-state RF current
drive via synchronous
electron rotation

Catalyzed Townsend
ionization cascade in a
pulsed, high-voltage
theta-pinch *

Primary Hardware

RF antennas, conical bias
coils ?

High-voltage theta-pinch,
annular array of 12 coaxial
plasma guns ®

Power System

High-frequency, solid-state
RF power supplies '

High-energy,
fast-discharge capacitor
banks (pulsed power) *

Plasma Density Regime

Lower-density
(<1016 cm-3)

High-density (>1016 cm-3)
3

Key Advantage

High efficiency,
continuous/high-repetition
-rate operation,
electrodeless '

Enables formation in
extreme
high-density/high-field
regimes; dramatic increase
in trapped flux

Key Limitation

Limited by RF power
penetration at higher
plasma densities.

Single-shot, high-energy
pulsed operation; complex
hardware integration.

Primary Application

In-space plasma propulsion
(high Isp thruster) *

Magnetized Target Fusion
(single-shot target for liner
compression) *

PIR-3: Does this collaboration suggest a formal,

government-sanctioned channel for knowledge transfer between the
LANL and MSNW research tracks, or was it an informal academic

partnership?

All available evidence indicates that the Weber-Slough collaboration was an informal




academic-industrial partnership, not a formal, government-sanctioned channel for

technology transfer between LANL and MSNW. The timing of the collaboration, the

institutional affiliations of the participants, and the nature of the associated funding
mechanism all support this assessment.

The collaboration occurred while Weber was a student or researcher at the University of
Washington, years before his documented work at LANL on the MSX experiment.’ There are
no documents, such as a Cooperative Research and Development Agreement (CRADA), to
suggest a formal inter-institutional agreement between LANL and MSNW for this specific
work.? The partnership was instead facilitated by the University of Washington, which emerges
from the broader analysis as a critical enabling institution for the entire FRC ecosystem.

The University of Washington's Department of Aeronautics and Astronautics has served as a
strategic nexus for FRC research for decades. Foundational FRC research in the U.S. was
centered at LANL and the University of Washington/Spectra Technology in the 1980s.° Dr.
Slough was a key academic partner for the NASA-sponsored FAST/PTX propulsion program
while at UW in the early 2000s.> The Weber-Slough collaboration on the ELF thruster took
place under the university's auspices in the 2009-2012 timeframe." Even after Weber moved
to LANL, the connection was maintained, as evidenced by the inclusion of R.J. Smith from the
same UW department as a co-author on the seminal 2015 MSX paper.’

This pattern indicates that key university departments can function as "clearinghouses" for
talent and ideas within the national security research landscape. These academic hubs
provide a semi-permeable membrane, allowing for low-signature interaction and
cross-pollination between personnel who are destined for, or already part of, separate and
compartmentalized programs. Government sponsors and private companies can engage with
a single center of excellence to access a pipeline of vetted talent and research. This structure
allows for organic collaborations like that of Weber and Slough, which can prove more agile
and less bureaucratic than formal inter-agency agreements for the transfer of foundational
knowledge.

PIR-4: Analyze the career trajectory of T.E. Weber after the conclusion
of the MSX program and his last known publication. Is there any
open-source data that tracks his employment or activities after
leaving LANL? The absence of data is also a key finding.

The public-facing career trajectory of Dr. Toru E. Weber concludes abruptly after 2015,
creating a significant intelligence gap. His last known high-profile publications in the field are
the April 2015 Physics of Plasmas paper detailing the MSX breakthrough ® and a November



2015

Journal of Fusion Energy paper on fusion rocket engines, co-authored with LANL colleague
G.A. Wurden and others.? His Google Scholar profile confirms a cessation of publications in

this field after this period, and his affiliation was listed as Los Alamos National Laboratory at
the time.*

An exhaustive search of open-source and publicly available information yields a definitive
negative finding for the career path of the plasma physicist Dr. Toru E. Weber after 2015. This
is explicitly noted in intelligence community analyses, which identify this as a "notable
intelligence gap" and state that open-source searches "do not provide a clear trace of the
LANL plasma physicist after 2015".% Searches for individuals with similar names in professional
and academic databases identify people in unrelated fields, such as particle physics or
medicine, and patent searches are similarly negative for relevant technologies.’

The absence of a public record for a scientist of Dr. Weber's caliber and demonstrated
accomplishments is a highly anomalous and significant finding. A physicist who was the lead
author on a paper detailing a ~350% performance increase for a critical national
security-related experiment would be a high-value asset for any national laboratory,
university, or private-sector R&D firm. The complete lack of a public footprint—such as a
LinkedIn profile, a new university or corporate affiliation, further publications, or conference
presentations—is inconsistent with a typical career path in the scientific community.

This disappearance from the public domain, immediately following the successful completion
of a critical de-risking experiment for a defense-related program, is a strong indicator of a
transition into a clandestine environment. The LANL-AFRL MTF collaboration, for which the
MSX experiment was a key component, is assessed to be the direct scientific precursor to the
clandestine Lockheed Martin Skunk Works® Compact Fusion Reactor (CFR) program.® Dr.
Weber's last public activities coincide with the winding down of the public-facing MTF
research and the concurrent emergence of the Skunk Works® program. It is a high-probability
hypothesis that Dr. Weber was recruited directly from LANL into a classified program—either
a more secure effort within LANL itself or within the defense industrial base at a contractor
like Skunk Works®—where his unique expertise in high-density FRC formation would be
directly applicable and further public-facing work would be prohibited. In this context, the
absence of data is the expected operational signature of such a transition.

lll. Assessment of Strategic Implications

The analysis of the Weber-Slough collaboration provides several key strategic insights into the



structure and function of the U.S. advanced propulsion and energy ecosystem.

First, this investigation underscores the strategic importance of key university research
departments as talent incubators and nexuses for the defense-industrial base. The central
role of the University of Washington highlights a successful model for cultivating and
connecting human capital for separate, high-priority national security programs. These
academic hubs allow for the organic development of talent and the low-signature
cross-pollination of ideas between individuals who may later be firewalled from each other
programmatically.

Second, the Weber-Slough link demonstrates the power of informal, academically-mediated
knowledge exchange. This channel can be more agile and impactful than formal, bureaucratic
inter-agency agreements. It allows for a transfer of foundational understanding and
problem-solving approaches between individuals who are not permitted to collaborate on a
formal programmatic level, ultimately benefiting both research tracks.

Third, the existence of the parallel "black" (LANL/MTF) and "gray" (NASA/MSNW) tracks
reveals a sophisticated, multi-decade portfolio strategy by the U.S. government for developing
a revolutionary technology. This approach hedges technological risk by exploring multiple
application pathways concurrently, sponsoring fundamental physics in the national labs while
simultaneously seeding applied concepts in the private sector through agencies like NASA
and flexible funding mechanisms like SBIR/STTR.

Finally, the entire ecosystem is predicated on human capital as the primary vector for
technology transfer. The flow of knowledge and capability is most accurately mapped by
tracking the movement, mentorship, and collaboration of key individuals like Slough, Weber,
and their mentor, the late Dr. Thomas Intrator.’ The Weber-Slough collaboration is a
microcosm of this principle: a high-value, informal link that significantly shaped the expertise
of a key contributor to a major national security program, demonstrating the subtle but
powerful ways in which the U.S. cultivates and directs its most critical technical talent.
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