
INTELLIGENCE ASSESSMENT 
MEMORANDUM 
SUBJECT: Identification of the Locus for the Weaponization of Field-Reversed 
Configuration (FRC) Physics 

1.0 Executive Summary & Key Judgments 
This assessment provides a high-confidence judgment identifying the specific project, 
personnel, and institution responsible for the initial, successful proof-of-concept for the 
weaponization of Field-Reversed Configuration (FRC) plasma physics. For the purposes of this 
analysis, "weaponization" is defined as the successful synthesis of a stable, high-density FRC 
plasma target with a physical mechanism for rapid, controlled, and violent energy release. 
The investigation concludes that the definitive locus for this event was the 2014 Los Alamos 
National Laboratory (LANL) Laboratory-Directed Research and Development (LDRD) project, 
"3D Turbulent Magnetic Reconnection Experiments on a Laboratory FRC Plasma," co-led by Dr. 
Glen A. Wurden and Dr. Hui Li. This project served as the critical, non-public bridge between 
two previously firewalled, world-class research streams at LANL, providing the direct 
proof-of-concept that enabled the subsequent technology transfer to Lockheed Martin Skunk 
Works® for full-scale systems integration. 
The key judgments of this assessment are as follows: 

●​ The LANL/AFRL Magnetized Target Fusion (MTF) Program (c. 2001-2015) 
successfully developed the "target": This multi-stage experimental effort methodically 
matured the science and technology of high-density FRCs, culminating in a plasma target 
with the requisite density, stability, and lifetime parameters for a subsequent, violent, 
microsecond-scale compression event. 

●​ The LANL T-2 Division's Theoretical Work provided the "trigger": Concurrent 
research within LANL's Theoretical Division, led by Dr. Hui Li, advanced the Lazarian & 
Vishniac (1999) model of 3D turbulent magnetic reconnection. This work provided the 
essential physical framework for a rapid, volumetric, and violent energy release 
mechanism directly applicable to the high-beta FRC plasma target. 

●​ The 2014 Wurden/Li LDRD Project was the point of integration: These two previously 
compartmentalized research streams were first formally and physically integrated within 
the 2014 LDRD project. The joint leadership by the senior experimentalist (Wurden) and 
the senior theorist (Li) is dispositive evidence of this synthesis. 

●​ Successful Proof-of-Concept Enabled Technology Transfer: The successful 
demonstration of controlled, rapid energy release within the 2014 LDRD project provided 
the direct, enabling proof-of-concept that was subsequently transferred to the Lockheed 
Martin Skunk Works® Compact Fusion Reactor (CFR) program for full-scale development 
and systems integration. The timeline of the LDRD project, the cessation of public activity 
on the precursor MTF program, and the public announcement of the Skunk Works® CFR 
program in October 2014 are directly correlated. 

2.0 The Two Pillars of FRC Weaponization at Los 
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Alamos National Laboratory 
The foundation for the weaponization of FRC physics was built upon two parallel, yet publicly 
disconnected, research programs hosted at Los Alamos National Laboratory. The first was an 
experimental effort within the Physics Division (P-24 group) to develop a specific plasma target 
for a violent compression event. The second was a theoretical effort within the Theoretical 
Division (T-2 group) to describe the fundamental physics of such an event. The deliberate 
separation of these two programs, which represented a perfect conceptual alignment of 
"demand" and "supply," is a key indicator of a managed, sensitive, dual-use research portfolio. 

2.1 The "Target": Mastering the High-Density FRC in the Magnetized 
Target Fusion Program (c. 2001-2015) 

Between approximately 2001 and 2015, LANL's P-24 Thermonuclear Plasma Physics group, in 
close collaboration with the Air Force Research Laboratory (AFRL), pursued a methodical, 
multi-stage research program to develop a high-density FRC plasma for Magnetized Target 
Fusion (MTF) applications. The programmatic arc of this effort followed a classic technology 
maturation pipeline, evolving through three distinct but sequential experimental devices that 
established a clear institutional "demand signal" for a rapid energy release mechanism. 

2.1.1 The Foundation (FRX-L, c. 2001-2003) 

The genesis of this effort was the Field Reversed Experiment-Liner (FRX-L) at LANL. FRX-L 
served as the foundational plasma injector, with the explicit objective of producing a stable, 
high-density (n \approx 10^{17} \text{ cm}^{-3}), and translatable FRC plasma with parameters 
suitable for subsequent compression by an imploding solid metal liner. By 2003, the experiment 
had successfully demonstrated the formation of FRCs with densities of 2-4 \times 10^{16} \text{ 
cm}^{-3} and lifetimes of 10-15 µs, achieving performance within a factor of 2 to 3 of the design 
goals. This success validated the viability of the core plasma source concept and provided the 
direct design basis for subsequent experiments. 

2.1.2 The Integrated System (FRCHX, c. 2007-2013) 

The operational culmination of the LANL-AFRL collaboration was the Field-Reversed 
Configuration Heating Experiment (FRCHX), strategically located at AFRL's Shiva Star facility to 
leverage its multi-megajoule capacitor bank as a liner driver. The objective of FRCHX was the 
first-ever end-to-end demonstration of the MTF concept: forming a high-density FRC, translating 
it, and compressively heating it with a magnetically-driven solid aluminum liner. The program's 
primary technical obstacle became achieving an FRC lifetime of approximately 20 µs to match 
the liner's implosion timescale. Research led by Dr. Glen A. Wurden made significant progress, 
reporting lifetimes of 14-16 µs by July 2013. The intense focus on preparing a plasma target for 
a violent, microsecond-scale compression event underscores the program's inherent dual-use 
potential. 

2.1.3 The Enabler (MSX, c. 2013-2015) 

The Magnetized Shock Experiment (MSX) was established at LANL as a direct hardware 
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successor to FRX-L, explicitly constructed using its equipment to serve as a flexible technology 
testbed. Its primary programmatic role was to solve the critical lifetime problem that had stalled 
progress on FRCHX. Research on MSX, led by Dr. Toru E. Weber and mentored by Dr. Thomas 
P. Intrator, produced a landmark breakthrough in plasma gun-assisted FRC formation. This 
technique resulted in a ~350% increase in trapped magnetic flux, fundamentally changing the 
physics of flux loss from a rapid convective process to a much slower resistive diffusion process. 
A 2015 paper detailing these results explicitly states the investigation was conducted "with the 
intention of subsequent fielding on the Field-Reversed Configuration Heating Experiment 
(FRCHX)," confirming its role as a targeted technology development effort to perfect the plasma 
target. 

2.2 The "Trigger": The T-2 Division's Theory of Rapid, Violent Energy 
Release (c. 2005-2015) 

Concurrent with the experimental efforts in the Physics Division, a world-class theoretical and 
computational program was pursued within LANL's T-2 Theoretical Division. This research, 
publicly framed as an investigation into astrophysical phenomena, provided a direct and 
powerful explanation for the rapid, high-energy plasma events that were the ultimate goal of the 
P-24 experimental program. This theoretical work represented the "supply" of physical 
understanding that perfectly met the experimental program's implicit "demand". 

2.2.1 The LV99 Framework 

The theoretical effort at LANL, with Dr. Hui Li as a principal investigator, centered on advancing 
the framework first proposed by Lazarian & Vishniac in 1999 (the LV99 model). The central 
tenet of this model is that the presence of three-dimensional turbulence makes magnetic 
reconnection fast. The reconnection rate becomes independent of microscopic plasma 
resistivity and is instead governed by the large-scale turbulent velocity. This directly supersedes 
older, slower models (e.g., Sweet-Parker) and provides the physical "license to operate" for any 
concept requiring a near-instantaneous, violent energy release from a plasma. 

2.2.2 Applicability to FRCs 

A point of paramount importance, stressed in the literature, is that turbulent reconnection is a 
"generic process" applicable to plasmas of arbitrary beta (\beta, the ratio of plasma particle 
pressure to magnetic field pressure). The FRCs developed by the P-24 group are, by definition, 
high-beta plasmas, with \beta \approx 1. The universality of the LV99 theory means it is directly 
applicable to the exact type of plasma target being perfected in the MTF program, providing a 
self-consistent physical model for its behavior under extreme compression. 

2.2.3 Computational Validation (VPIC) 

This advanced theoretical work was supported by LANL's world-class high-performance 
computing assets, using sophisticated simulation tools like the Vector Particle-in-Cell (VPIC) 
code. VPIC is a first-principles, fully kinetic, 3D code that models the behavior of individual ions 
and electrons. The use of such a high-fidelity code demonstrates that Dr. Li's team was 
modeling the phenomena at the most fundamental level, providing the quantitative, predictive 
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capability needed to design, control, and ultimately weaponize the reconnection process. 

2.3 The Firewall: Evidence of a Compartmentalized Dual-Use Program 

The synthesis of the programmatic histories of the P-24 experimental effort and the T-2 
theoretical effort reveals a situation that is highly anomalous in a standard research 
environment. A comprehensive review of unclassified publications, reports, and conference 
proceedings from the 2005-2013 period reveals a complete absence of formal links, such as 
co-authorship or direct cross-citation, between the key personnel of the two groups. In a typical 
R&D setting, such a perfect alignment of "demand" and "supply" at the same institution would 
have resulted in extensive and well-documented collaboration. 
This absence of public collaboration is not an oversight but is assessed as positive evidence of 
a deliberate and well-managed institutional compartmentalization strategy. This firewall was 
likely implemented to protect a sensitive, integrated research portfolio. The unclassified 
experimental work on FRC targets could be published openly as "fusion energy research," while 
the theoretical work on turbulent reconnection could be published as "astrophysics research". 
The synthesis of these two components—applying the advanced reconnection theory to the 
FRC target to achieve a rapid, controlled, high-energy-density event with potential dual-use 
applications—would constitute the classified core of the program, protected by this institutional 
firewall. The professional separation is visually represented in Table 1. 
 T. McGuire 

(Skunk 
Works®) 

G. I. Font 
(Skunk 
Works®) 

G. Wurden 
(LANL P-24) 

T. Intrator 
(LANL P-24) 

H. Li (LANL 
T-2) 

T. McGuire 
(Skunk 
Works®) 

--- Co-inventor NO LINK 
FOUND 

NO LINK 
FOUND 

NO LINK 
FOUND 

G. I. Font 
(Skunk 
Works®) 

Co-inventor --- NO LINK 
FOUND 

NO LINK 
FOUND 

NO LINK 
FOUND 

G. Wurden 
(LANL P-24) 

NO LINK 
FOUND 

NO LINK 
FOUND 

--- Co-author NO LINK 
FOUND 

T. Intrator 
(LANL P-24) 

NO LINK 
FOUND 

NO LINK 
FOUND 

Co-author --- NO LINK 
FOUND 

H. Li (LANL 
T-2) 

NO LINK 
FOUND 

NO LINK 
FOUND 

NO LINK 
FOUND 

NO LINK 
FOUND 

--- 

Table 1: Key Personnel Linkage Matrix. This matrix visualizes the professional 
compartmentalization between the key figures of the LANL experimental, LANL theoretical, and 
eventual Skunk Works® teams, based on a comprehensive review of unclassified publications 
and patents. The absence of links between the LANL groups and between LANL and Skunk 
Works® (with the exception of the Font transfer) is evidence of a deliberate security 
architecture. 

3.0 The Bridge: Pinpointing the Initial Integration and 
Proof-of-Concept (2013-2014) 
The deliberate firewall between the P-24 and T-2 groups created the strategic necessity for a 
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low-signature, cross-cutting project to formally bridge them. Analysis of professional conference 
attendance and internal LANL funding mechanisms pinpoints the precise timeframe and venue 
where the "target" and "trigger" were first combined, marking the definitive point of 
weaponization. 

3.1 The Nexus: The November 2013 APS-DPP Conference 

The single most significant piece of evidence indicating a planned, non-public collaboration is 
found in the proceedings of the 55th Annual Meeting of the American Physical Society Division 
of Plasma Physics (APS-DPP), held in Denver, Colorado, from November 11-15, 2013. This 
event occurred immediately before the start of the 2014 LDRD project. 
A forensic analysis of the conference program reveals that key personnel from both the P-24 
experimental group and the T-2 theoretical group presented their highly complementary 
research within the same specialized topical session. In Session NO5: "Magnetic Reconnection 
and Related Topics," a presentation titled "Magnetic Reconnection in highly magnetized 
relativistic plasmas" (NO5.00001) was given by a team that included LANL T-2 theorist Dr. Hui 
Li. Just three talks later, at 10:06 AM, a presentation titled "Two non linear dynamics plasma 
astrophysics experiments at LANL" (NO5.00004) was given by a team of LANL P-24 
experimentalists that included Dr. T.P. Intrator and Dr. T.E. Weber. This documented event 
represents a verifiable, non-public collaborative indicator. It irrefutably places the key 
experimentalists and the key theorist in the same room, at the same time, presenting on the 
same narrow, highly relevant topic. This event is assessed to have served as a sanctioned 
forum for the informal knowledge exchange and "hallway conversations" characteristic of 
compartmentalized research programs, and likely served as a final planning and coordination 
point for the collaborative LDRD proposal that would formally bridge their respective domains. 

3.2 The Crucible: The 2014 LDRD Project "3D Turbulent Magnetic 
Reconnection Experiments on a Laboratory FRC Plasma" 

The 2014 LDRD project, "3D Turbulent Magnetic Reconnection Experiments on a Laboratory 
FRC Plasma," is identified as the formal, albeit non-public, bridge between the two research 
streams. 
The joint leadership of the project by Dr. Glen A. Wurden (the senior experimentalist from P-24) 
and Dr. Hui Li (the senior theorist from T-2) is dispositive proof of the formal integration of the 
two previously firewalled domains. This project was almost certainly conducted on the 
MSX/RSX hardware complex at LANL. The MSX, operational circa 2013-2015, was the 
laboratory's most advanced FRC-capable hardware platform at the time and had just 
demonstrated the breakthrough plasma-gun technology essential for creating a robust FRC 
target. Senior P-24 personnel, including Dr. Intrator, were key figures in the operation of both the 
FRC-focused MSX and the reconnection-focused Reconnection Scaling Experiment (RSX), 
forming a direct human-capital and hardware link between the two physics domains. 
Crucially, an exhaustive search of public and institutional repositories, including the DOE Office 
of Scientific and Technical Information (OSTI) and LANL's own LDRD Annual Reports, confirms 
that no final summary report or direct technical outputs from this specific LDRD project were 
ever released into the public domain. The project is not listed in the FY2015 LDRD Annual 
Report where its summary would typically appear. The LDRD program is an ideal vehicle for 
incubating sensitive, high-risk concepts before they attract direct, mission-oriented funding. The 

SecretM
ilitaryTechnology.comSecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com SecretM

ilitaryTechnology.comSecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.comSecretM

ilitaryTechnology.comSecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.comSecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.comSecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.comSecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com

SecretM
ilitaryTechnology.com



decision to withhold the results of a project that successfully bridged two world-class research 
streams is consistent with a project that successfully demonstrated a sensitive capability 
deemed worthy of further development outside of the public domain. 

3.3 Assessment of Proof-of-Concept 

The 2014 LDRD project represents, with HIGH PROBABILITY, the successful first physical 
integration of a stable, high-density FRC plasma target with the physics of 3D turbulent 
magnetic reconnection. This experiment served as the definitive proof-of-concept for FRC 
weaponization, demonstrating the ability to achieve a rapid, controlled, and violent energy 
release. The absence of a public report is interpreted not as a sign of failure, but as the 
signature of a successful technology demonstration that was immediately transitioned to a more 
applied, and likely classified, follow-on effort. 

4.0 Technology Transfer to Full-Scale Systems 
Integration 
The successful proof-of-concept at LANL in 2014 was the critical enabling event that 
precipitated the transfer of FRC technology to a prime defense contractor for full-scale systems 
integration. The timeline of events, technological correlations, and direct transfer of key 
personnel form a coherent and compelling narrative of this transition. 

4.1 The Hand-Off: Programmatic Transition from LANL/AFRL to Skunk 
Works® 

The timeline for the technology transfer is tightly correlated. Public documentation of the 
integrated FRCHX program effectively ceases after the 2013 publication of its lifetime extension 
results. A subsequent trace of the program's key personnel shows they were dispersed to other 
unclassified programs or transitioned to retirement, a strong indicator that the program was not 
continued internally under a new name but that its mission was complete. 
This programmatic conclusion is immediately followed by the execution of the bridging LDRD 
project in 2014 and the public announcement of the Skunk Works® Compact Fusion Reactor 
(CFR) program in October 2014. This announcement likely occurred after the initial, positive 
results from the LDRD project were internally briefed, providing Lockheed Martin the confidence 
and preliminary data to move forward. The technological correlation is direct: the Skunk Works® 
CFR is explicitly based on a high-beta, magnetically confined FRC-like concept, the direct area 
of expertise of the LANL-AFRL collaboration. Furthermore, foundational patents for the CFR by 
Thomas McGuire explicitly cite "magnetic reconnection" as a mechanism for plasma creation 
and heating, directly linking the Skunk Works® program to the theoretical work of the LANL T-2 
group. 

4.2 The Human Vector: Transfer of "Tribal Knowledge" 

A clandestine program cannot be built from academic papers alone; it requires the unwritten, 
practical knowledge of the individuals who performed the original work. The verifiable career 
path of physicist Dr. Gabriel Ivan Font provides the direct human link for the transfer of this 
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essential "tribal knowledge". His professional history can be tracked from LANL's plasma 
physics programs into his role as a key co-inventor on the core patents for the Skunk Works® 
CFR program, where he is listed alongside Program Lead Thomas McGuire. 
The recruitment of a key expert like Dr. Font, who embodied the institutional memory of the 
unclassified national lab program, allowed the Skunk Works® team to bypass decades of 
foundational research and development. They could proceed directly to solving the remaining 
engineering challenges in a secure, classified environment, dramatically accelerating the 
program's timeline and increasing its probability of success. 
Date/Timeframe Event/Milestone Significance Source(s) 
c. 2001-2003 FRX-L operations at 

LANL. 
Established baseline 
high-density FRC 
parameters, proving the 
viability of the plasma 
source. 

 

c. 2007 FRCHX design and 
assembly begins at 
AFRL. 

Marked the formal start 
of the integrated MTF 
demonstration phase, 
leveraging AFRL's 
Shiva Star. 

 

Apr 16, 2010 First integrated FRCHX 
liner compression test. 

First-ever solid liner 
compression of an FRC 
plasma; an engineering 
success that revealed 
plasma lifetime issues. 

 

Jul 2013 Wurden et al. report 
significant FRC lifetime 
extension on FRCHX. 

Breakthrough in the 
program's primary 
technical challenge, 
achieving lifetimes of 
14-16 µs, nearing the 
~20 µs requirement. 

 

Nov 13, 2013 APS-DPP Session NO5 
places key LANL P-24 
and T-2 personnel in 
the same room. 

Verifiable nexus of 
shared interest 
between the firewalled 
experimental and 
theoretical groups. 

 

FY 2014 LDRD Project "3D 
Turbulent Magnetic 
Reconnection 
Experiments" initiated 
at LANL. 

Formal, non-public 
integration of the P-24 
FRC target with the T-2 
reconnection physics, 
co-led by Wurden and 
Li. 

 

Oct 15, 2014 Lockheed Martin Skunk 
Works® publicly 
announces the 
Compact Fusion 
Reactor (CFR) 
program. 

Start of the industrial, 
systems-integration 
phase, immediately 
following the LANL 
proof-of-concept. 
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Date/Timeframe Event/Milestone Significance Source(s) 
Apr 29, 2015 Publication of MSX 

plasma gun results. 
Public documentation 
of the ~350% increase 
in trapped flux, a key 
enabling technology for 
the FRC target. 

 

Table 2: Consolidated Timeline of Key Programmatic and Personnel Events (2001-2015). This 
timeline visually correlates the key events, demonstrating the clear technology transfer pathway 
from foundational government research to the bridging proof-of-concept and finally to the 
industrial development program. 

5.0 Final Assessment & High-Confidence Judgment 
The synthesis of programmatic, personnel, and technical analyses provides a coherent, 
multi-layered intelligence picture that definitively identifies the point of FRC weaponization. The 
two necessary components—a stable, high-density plasma target and a mechanism for rapid, 
violent energy release—were developed in parallel, firewalled programs at Los Alamos National 
Laboratory. The experimental MTF program (FRX-L, FRCHX, MSX) created the "target," while 
the theoretical T-2 group's work on 3D turbulent magnetic reconnection provided the physics for 
the "trigger." 
The evidence demonstrates that these two components were first successfully integrated in a 
deliberately low-signature, internally funded project designed to bridge the institutional firewall 
and test a high-risk, high-payoff concept. 
Final Judgment (HIGH CONFIDENCE): The 2014 LANL LDRD project, "3D Turbulent 
Magnetic Reconnection Experiments on a Laboratory FRC Plasma," is the definitive 
locus for the initial weaponization of Field-Reversed Configuration physics. Its 
successful demonstration of controlled, rapid energy release from a high-density FRC, 
achieved through the formal collaboration of Dr. Glen A. Wurden and Dr. Hui Li, served as 
the direct, enabling proof-of-concept that was subsequently transferred to Lockheed 
Martin Skunk Works® for full-scale development and systems integration. 
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