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Executive Summary: Profile of Dr. Thomas P. Intrator

This report provides a comprehensive profile of Dr. Thomas P. Intrator (deceased June 3,
2014), a pivotal figure in the U.S. national laboratory ecosystem's pursuit of high-density
Field-Reversed Configuration (FRC) plasmas for Magnetized Target Fusion (MTF)
applications." The analysis establishes Dr. Intrator as a senior scientist, program leader,
hands-on experimentalist, and critical mentor within Los Alamos National Laboratory's (LANL)
P-24 Thermonuclear Plasma Physics group.'

Dr. Intrator's key contributions centered on leading the foundational research that established
the performance baseline for high-density FRCs on the Field Reversed Experiment-Liner
(FRX-L)." He was also instrumental in mentoring the research that produced a landmark
breakthrough in plasma gun-assisted formation on the Magnetized Shock Experiment (MSX).
This innovation was a key enabling technology for the entire.LANL-Air Force Research
Laboratory (AFRL) MTF concept, directly addressing the primary technical obstacle that had
stalled progress on the integrated Field-Reversed Configuration Heating Experiment
(FRCHX).'

His professional network formed a critical nexus connecting the core FRC expertise at LANL
with the pulsed-power and liner implosion capabilities at AFRL, as well as with key academic
partners at the University of Washington." Dr. Intrator's legacy is the creation of the essential
scientific proof-of-concept and human capital foundation for high-density FRCs. This body of
work is assessed to have de-risked the core plasma physics to a technology readiness level
sufficient for transition into subsequent clandestine programs, such as the Lockheed Martin
Skunk Works® Compact Fusion Reactor (CFR).

Section 1: Programmatic Role in the LANL-AFRL



Magnetized Target Fusion Collaboration

1.1 Overview of the MTF Programmatic Arc (FRX-L, MSX, FRCHX)

The joint LANL-AFRL collaboration on Magnetized Target Fusion represented a deliberate,
step-wise technology maturation pipeline designed to incrementally de-risk the high-reward
concept of using an imploding solid liner to compress an FRC plasma to fusion conditions.”
The program's research arc is defined by three distinct but inextricably linked experimental
devices:

e FRX-L (c. 2001-2003): The foundational plasma injector at LANL. Its primary objective
was to produce a stable, high-density, translatable FRC with parameters suitable for
subsequent compression, thereby proving the viability of the plasma source.’

e MSX (c. 2013-2015): The direct hardware and conceptual successor to FRX-L. MSX was
explicitly constructed using equipment from the FRX-L program and served as a flexible,
cost-effective testbed for developing and de-risking novel technologies deemed critical
for the success of the main-line FRCHX experiment.

e FRCHX (c.2007-2013): The operational culmination of the collaboration. Physically
located at AFRL's Shiva Star facility, FRCHX was the integrated system designed to form
an FRC, translate it into a capture zone, and compress it with a magnetically-driven solid
aluminum liner.’

1.2 Dr. Intrator's Assessed Role as Intellectual Driver

Dr. Intrator's involvement spanned the entire multi-year, multi-institutional effort, establishing
him not merely as a participant but as a core intellectual and programmatic driver. He is
identified as a "key leader and mentor" within the LANL MTF effort and served as a primary

author and investigator on seminal papers for all three experiments.' His leadership is
documented from the initial creation of high-density FRCs on FRX-L ', through the
development of critical enabling technologies on MSX ', to the integrated system tests on
FRCHX.

This sustained, decade-long involvement indicates his role evolved beyond pure research to
that of a strategic problem-solver. The integrated FRCHX experiment, the program's end goal,



was critically stalled by its inability to produce FRCs with a trapped-flux lifetime sufficient to
match the liner's implosion timescale (~20 ps)." This lifetime issue became the program's
"primary concern" and most significant technical obstacle.’ The MSX experiment, which Dr.
Intrator co-led, was specifically designed as a targeted intervention to solve this problem. The
2015 paper detailing the MSX results explicitly states the work was conducted "with the
intention of subsequent fielding on the Field-Reversed Configuration Heating Experiment
(FRCHX)"." The breakthrough in plasma gun-assisted formation on MSX directly addressed the
lifetime problem by dramatically improving trapped flux." This positions Dr. Intrator's work on
MSX not as a separate research track, but as a focused effort to de-risk a show-stopping
problem for the collaboration's flagship experiment.

Experiment

Timeframe

Dr. Intrator's
Assessed Role

Key Technical
Contributions

Key
Publications/S
ources

FRX-L

c. 2001-2006

Lead Author,
Principal
Investigator

Established
the formation
physics for
high-density
FRCs;
developed and
applied a
comprehensiv
e diagnostic
suite to
characterize
plasma
parameters.

MSX

c. 2013-2015

Mentor,
Posthumous
Co-Author

Co-led the
development
and validation
of plasma
gun-assisted
formation,
solving the
critical
flux-trapping
problem for
the MTF




concept.

FRCHX c.2007-2013 Principal Co-led the !
Investigator, overall MTF
Senior effort,
Scientist providing the
core FRC

expertise for
the integrated
liner
compression
experiments
conducted at
AFRL.

Section 2: Technical Deep Dive: Contributions to
High-Density FRC Physics

2.1 Foundational Research on FRX-L: Creating the MTF Target Plasma

Dr. Intrator's role as lead author on the 2004/2006 IEEE paper, "A High-Density Field Reversed
Configuration Plasma for Magnetized Target Fusion," documents his foundational
contributions to creating and characterizing the target plasma required for MTF.

e Formation Techniques: The work details the use of a high-voltage theta-pinch at high
deuterium fill pressures (40-80 mTorr) to form the FRC. A key aspect of this method was
leveraging a large azimuthal electric field (EB=1 kV/cm) to increase the radial implosion
velocity. This technique was designed to maximize the Green-Newton field (BGN), a
parameter that limits the maximum trapped magnetic flux and, consequently, the
achievable plasma pressure.’ This research successfully established the methodology for
creating FRCs with densities exceeding
7x1016 cm™ and total temperatures greater than 400 eV, parameters within a factor of
2-3 of the design goals for a viable MTF target.’

e Diagnostic Development and Application: The research demonstrates a rigorous
approach to plasma characterization, employing a sophisticated diagnostic suite. A




multichord interferometer was used to measure line-integrated density and resolve radial
density profiles, while an array of magnetic flux loops provided excluded flux data. By
combining these measurements, the team could infer critical parameters such as the
separatrix radius (rs), plasma beta ((B)), and total temperature (Te+Ti).! This work shows
Dr. Intrator's role extended beyond plasma creation to developing the tools for its
rigorous scientific validation.

Equilibrium and Stability: The FRX-L experiments under Dr. Intrator's leadership
successfully characterized the equilibrium and stability of these high-density FRCs. The
team measured a particle confinement time (tN) of approximately 10 us and identified
the growth of the classic n=2 rotational instability as the event that ultimately terminated
the FRC confinement.” This work established the critical performance benchmarks for the
MTF concept and clearly defined the physics challenges—namely lifetime and
stability—that subsequent research would need to address.

2.2 The MSX Breakthrough: Solving the Flux-Trapping Problem

Dr. Intrator's final major contribution, documented in a posthumous 2015 Physics of Plasmas
paper he mentored, details the solution to the critical flux-trapping problem that had hindered
the MTF program.”’

Hypothesis and Technical Solution: The traditional "ringing-8" method for FRC
formation was inefficient at the high densities and magnetic fields required for MTF, as
the strong axial field suppressed the ionization of the gas fill. The central hypothesis of
the MSX work was that injecting a small amount of "seed plasma" via an annular array of
12 coaxial plasma guns could catalyze a Townsend ionization cascade even in the
presence of a strong axial magnetic field." This innovative approach effectively decoupled
the ionization process from the main field application, allowing FRC formation to occur
under optimal conditions.

Experimental Validation and Physics of the Improvement: This technique was
validated on the MSX testbed, where it resulted in a landmark ~350% increase in trapped
magnetic flux at typical operating conditions.” This was not an incremental improvement
but a fundamental breakthrough that changed the underlying physics of the formation
process. The paper explains that by ionizing the gas near the wall at high magnetic field,
the plasma gun technique changed the character of outward flux flow during
field-reversal from a rapid, Alfvenic "convective process" (characteristic of inertial
confinement) to a "much slower resistive diffusion process" (characteristic of sheath
confinement).” This insight explains the dramatic reduction in flux loss and the resulting
improvement in FRC lifetime and temperature, directly addressing the primary obstacle
facing the integrated FRCHX experiment. The success of the MSX experiment, therefore,
provided the primary proposed solution to the core problem that had stalled progress on



the flagship integrated experiment.’

Section 3: Human Capital and Network Analysis

3.1 The Core LANL-AFRL Network

Analysis of co-authorship across the key MTF publications reveals a cohesive,
multi-disciplinary, and sustained collaboration between LANL's plasma physics group and
AFRL's pulsed-power experts. Dr. Intrator was a central node in this network.

e LANL P-24 Group: His key LANL co-authors, representing the core of the FRC expertise,
include Glen A. Wurden, Toru E. Weber, J.M. Taccetti, M.G. Tuszewski, S.C. Hsu, Jaeyoung
Y. Park, Shouyin Y. Zhang, and Zhehui Wang.' This team was part of LANL's P-24
Thermonuclear Plasma Physics group.’

e AFRL Pulsed Power Group: His primary collaborators at AFRL, who provided the
world-class capability in solid liner implosions and operation of the Shiva Star facility,
include John H. Degnan, Chris Grabowski, Matthew T. Domonkos, and Edward L. Ruden.’

e Sustained Collaboration: The consistent appearance of these names across multiple
publications spanning more than a decade (from circa 2003 to 2015) demonstrates a
durable and well-integrated joint team, not a series of ad-hoc collaborations.’

3.2 External Collaborations and University Linkages

Dr. Intrator's professional network extended beyond the national laboratories to include key
academic and private-sector partners.

e University of Washington: A direct, verifiable link to the academic community is
established through the co-authorship of R.J. Smith from the University of Washington's
Department of Aeronautics and Astronautics on the 2015 MSX paper.' This connection is
highly significant, as the University of Washington's plasma physics community was also
the institutional home of Dr. John Slough, the central figure in the parallel "aerospace
propulsion lineage" of FRC research funded by NASA and the founder of the "gray track"
company MSNW LLC." This places Dr. Intrator's national security-focused MTF program in



direct collaborative contact with the same academic wellspring that produced the
propulsion-focused track, suggesting a shared pool of expertise and potential for
cross-pollination of ideas between the two formally separate efforts.

e Other External Partners: The broader MTF program also leveraged a network of
external expertise. This included modeling and simulation support from specialized
contractors such as NumerEx LLC and diagnostic and experimental support from
academic partners at the University of New Mexico and the University of Nevada, Reno,
as listed on the 2013 FRCHX publication by G.A. Wurden.! While Dr. Intrator is not a direct
co-author with these entities in the provided materials, their documented involvement in
the program he co-led places them within his extended professional network.

3.3 Mentorship and Influence: The Case of Dr. T.E. Weber

A key aspect of Dr. Intrator's role was the cultivation of the next generation of plasma
physicists, a contribution explicitly documented in the 2015 MSX paper. The lead author, Toru
E. Weber, included a direct acknowledgment: "T.W. wishes to acknowledge the generosity and
kindness of Dr. Tom Intrator, a friend and mentor who passed away on June 3, 2014, and to
thank S. C. Hsu for assuming his role as advisor".' This statement frames their relationship as
one of direct mentorship and confirms that Dr. intrator was guiding the lead scientist
responsible for the program's most significant technical breakthrough. His impact was
therefore delivered not only through his own research but also through his ability to train and
empower junior scientists to solve critical programmatic challenges. The subsequent career
path of T.E. Weber represents a notable intelligence gap; open-source searches reveal
individuals with similar names in unrelated fields but do not provide a clear trace of the LANL

plasma physicist after 2015, obscuring the flow of this specific stream of human capital.’

Collaborator Primary Assessed Associated Source(s)
Name Affiliation Relationship Project(s)
Glen A. Los Alamos LANL FRX-L, MSX, !
Wurden National Colleague FRCHX
Laboratory
(LANL)
John H. Air Force AFRL FRX-L, FRCHX 1
Degnan Research Counterpart
Laboratory




(AFRL)

Toru E. Weber Los Alamos Mentee MSX
National
Laboratory
(LANL)
R. J. Smith University of Academic MSX
Washington Collaborator
M.G. Tuszewski | Los Alamos LANL FRX-L
National Colleague
Laboratory
(LANL)
Chris Air Force AFRL FRX-L, FRCHX
Grabowski Research Counterpart
Laboratory
(AFRL)
S. C. Hsu Los Alamos LANL FRX-L
National Colleague
Laboratory
(LANL)
Jaeyoung Y. Los Alamos LANL FRX-L
Park National Colleague
Laboratory
(LANL)
Shouyin Y. Los Alamos LANL FRX-L
Zhang National Colleague
Laboratory
(LANL)
Zhehui Wang Los Alamos LANL FRX-L
National Colleague
Laboratory

(LANL)




NumerEx LLC Contractor Programmatic FRCHX !
Collaborator

University of University Programmatic FRCHX !
New Mexico Partner Collaborator
University of University Programmatic FRCHX !
Nevada, Reno Partner Collaborator

Section 4: Final Assessment and Legacy

4.1 Synthesis of Scientific Impact

Dr. Thomas Intrator's primary scientific impact was to lead the effort that established the first
scalable, high-density FRC platform (FRX-L) suitable for MTF studies and to mentor the
development of the key enabling technology (plasma guns on MSX) required to overcome the
program's most significant technical hurdle. His work provided the definitive, peer-reviewed
experimental proof-of-concept for this branch of high-density FRC research, creating a
validated knowledge base of formation physics, diagnostic techniques, and performance
limitations.

4.2 Legacy as a Precursor to Clandestine Programs

The timeline of Dr. Intrator's final years and the conclusion of the MTF program is highly
significant. His death on June 3, 2014, occurred as the public-facing LANL-AFRL research
effort was winding down." The cessation of publications on FRCHX after 2013 and the
posthumous publication of his final major work on MSX in 2015 mark the end of the program's
public era.' This timeline coincides directly with the emergence of the Lockheed Martin Skunk
Works® CFR program, which filed its foundational patents in April 2014 and is based on the
same high-beta, high-density FRC physics pioneered by Dr. Intrator's team.”’

The entire LANL-AFRL MTF collaboration is best understood as the essential, unclassified



"white world" research and development effort necessary to mature a high-risk concept to a
point where it could be transitioned into a well-funded, clandestine "black world" program.
The development of a compact fusion reactor is an extremely high-risk endeavor, and a prime
defense contractor like Lockheed Martin would require a solid foundation of
government-funded, peer-reviewed science to validate the core physics before committing to
a major internal program. Dr. Intrator's work on FRX-L, MSX, and FRCHX provided precisely
this foundation. It established the performance parameters, identified the key failure modes
(e.g., lifetime limitations), and developed the solutions (e.g., plasma guns). This body of work
effectively "de-risked" the core plasma physics to a technology readiness level where a
contractor could confidently proceed with a classified development program. Dr. Intrator's
legacy, therefore, is not only his scientific publications but the creation of the validated
knowledge base that served as the direct scientific and engineering precursor to the Skunk
Works® CFR program. His passing symbolically marks the handover of this technology from
the national laboratory system to the defense industrial base.
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