Professional Dossier: Dr. Charles W.
Nakhleh — Assessment of Contributions
to Advanced Plasma Physics and
National Security Applications

Executive Summary & Key Judgments

This dossier provides a comprehensive assessment of the professional history, technical
contributions, and programmatic leadership of Dr. Charles W. Nakhleh, a senior executive
within the U.S. nuclear weapons complex. The analysis focuses on his roles at Los Alamos
National Laboratory (LANL) and Sandia National Laboratories (SNL), with particular emphasis
on his work in High Energy Density Physics (HEDP), the Magnetized Liner Inertial Fusion
(MagLIF) program, and the leadership of LANL's X-Theoretical Design (XTD) Division. The
central objective is to identify and characterize the relationship between his work in advanced
plasma and fusion physics and its application within a national security context, specifically
concerning the potential weaponization of these technologies.

e Key Judgment 1 (HIGH CONFIDENCE): Dr. Charles W. Nakhleh is a central and
influential figure within the U.S. nuclear weapons complex, whose career trajectory from
technical staff to senior executive leadership at both Sandia and Los Alamos National
Laboratories places him at the nexus of theoretical weapons design and experimental
validation. His career path represents a strategic, long-term investment by the National
Nuclear Security Administration (NNSA) to cultivate a leader with deep, integrated
expertise across the key disciplines and institutions responsible for the nation's nuclear
deterrent.

e Key Judgment 2 (HIGH CONFIDENCE): Dr. Nakhleh's technical contributions and
leadership roles related to the Magnetized Liner Inertial Fusion (MagLIF) program and
other High Energy Density Physics (HEDP) experiments are directly and explicitly linked to
the mission of the NNSA's Stockpile Stewardship Program (SSP). His work on implosion
physics, hydrodynamic instabilities, and integrated target design is fundamental to
generating the experimental data required to validate the advanced simulation codes
used to certify the U.S. nuclear arsenal.



e Key Judgment 3 (HIGH CONFIDENCE): The primary "weaponization" aspect of this
work is the use of HEDP experiments as scientific surrogates for studying the physics of a
nuclear weapon primary. Research into the Magneto-Rayleigh-Taylor (MRT) instability in
magnetically-imploded beryllium liners on the Z-Machine, for example, is a direct physical
analogue to a critical failure mode in a modern thermonuclear device. This research is not
peripheral to the weapons program; it is a cornerstone of the science-based approach to
ensuring the reliability of the existing nuclear deterrent in the absence of underground
testing.

e Key Judgment 4 (LOW CONFIDENCE): There is no open-source evidence to suggest
that Dr. Nakhleh's work is associated with the development of novel, operational weapon
systems based on compact fusion or advanced plasma principles (e.g., a
“fusion-powered" directed energy weapon or a standalone thermonuclear explosive).
The focus of his documented research and programmatic responsibilities is on
fundamental physics relevant to understanding, assessing, and maintaining the current,
legacy stockpile.

Professional History and Programmatic Leadership

An analysis of Dr. Charles W. Nakhleh's career reveals a deliberate and strategic progression
through the key theoretical and experimental centers of the U.S. nuclear weapons enterprise.
His trajectory is not merely a sequence of promotions but a calculated cross-pollination of
expertise between the nation's primary nuclear design laboratory (Los Alamos) and its
premier pulsed-power and engineering laboratory (Sandia). This path has made him uniquely
qualified to lead the core scientific elements of the Stockpile Stewardship Program, as his
experience encompasses both the theoretical design of nuclear weapons and the
experimental validation that underpins modern certification.

Early Career and Foundational Work (LANL, 1996 - c. 2007)

After receiving his Ph.D. in Physics from Cornell University in 1996, Dr. Nakhleh began his
career at Los Alamos National Laboratory as a technical staff member in the Applied Physics
(X) Division.' His early work immediately immersed him in the core missions of the post-Cold
War nuclear complex. He served as a "weapon system point-of-contact,” a role that involves
deep technical familiarity with the design and performance of a specific system in the U.S.
stockpile. Concurrently, he worked extensively on "uncertainty quantification," a critical
discipline in the era of science-based stockpile stewardship that seeks to mathematically



characterize the confidence in predictions made by complex simulation codes in the absence
of full-scale testing.’

This early period was also marked by contributions to the broader national security and arms
control mission. Publications from this time include analyses of "Noble Gas Atmospheric
Monitoring for International Safeguards at Reprocessing Facilities” and the "Technical
Challenges for Dismantlement Verification".? This work demonstrates a holistic understanding
of the nuclear fuel cycle and weapons lifecycle, from production and stewardship to
dismantlement and verification, providing a broad strategic context for his more focused work
on weapons physics.

His potential was recognized early, as evidenced by his graduation from the Theoretical
Institute of Thermonuclear and Nuclear Studies (TITANS) program at Los Alamos, an elite
internal program designed to cultivate the next generation of senior weapons scientists." This
early foundation in theoretical design, uncertainty quantification, and arms control policy
established the intellectual framework for his subsequent leadership roles.

Sandia National Laboratories (c. 2007 - 2013): The Crucible of Pulsed
Power

In @ move that would prove formative for his career, Dr. Nakhleh transitioned to Sandia
National Laboratories, where he eventually became the leader of the Inertial Confinement
Fusion (ICF) Target Design Department within the Pulsed Power Sciences Center.' This
position was of immense strategic importance, placing himin charge of the

theoretical design and analysis for experiments conducted on Sandia‘s Z-Machine, the world's
most powerful pulsed-power facility.'

The Z-Machine is a cornerstone of the Stockpile Stewardship Program, capable of generating
extreme temperatures and pressures relevant to nuclear weapons physics. Dr. Nakhleh's
department was responsible for designing the targets for two primary experimental
campaigns: magnetically-driven ICF, specifically the Magnetized Liner Inertial Fusion (MagLIF)
concept, and radiation-effects experiments.’ The MagLIF concept is a magneto-inertial fusion
(MIF) approach that uses the Z-Machine's immense electrical current (up to 20 MA) to
magnetically implode a cylindrical metal tube ("liner") onto a pre-magnetized and
laser-preheated fusion fuel, with the goal of achieving thermonuclear conditions.®

His time at Sandia provided him with direct, ground-truth experience in the immense
challenges of bridging the gap between theoretical models and the complex, often
counter-intuitive results of HEDP experiments. He was at the forefront of designing



experiments intended to provide the data needed for code validation. This period was not a
departure from the weapons program but a deep dive into its experimental heart, allowing him
to "see my home laboratory from a distance... [and] see up close how a different lab
functioned".? This experience was a critical investment by the nuclear security enterprise in
developing a leader with an integrated understanding of both the design codes and the
experiments that validate them.

Los Alamos National Laboratory (2013 - Present): Return to the Design
Agency

In 2013, Dr. Nakhleh returned to Los Alamos to assume the role of Division Leader for the
X-Theoretical Design (XTD) Division, a position he held until 2018." XTD is the historical and
current center of theoretical nuclear weapons design at Los Alamos, responsible for the
physics design, assessment, and certification of the U.S. nuclear arsenal." His leadership of
this division placed him in direct charge of the scientists and physicists who perform the
annual assessments of the stockpile and design the life extension programs and alterations
for legacy systems.

Following his successful tenure leading XTD, Dr. Nakhleh was promoted to his current role as
the Associate Laboratory Director for Weapons Physics (ALDX).! This is one of the most senior
scientific leadership positions at the Laboratory. In this capacity, he has direct
line-management responsibility for all of LANL's "nuclear weapons designers and simulation
code architects".! Furthermore, he has programmatic responsibility for the entire NA-11
portfolio, which encompasses weapons science, high-performance computing, and
technology maturation, representing a budget of over $700M." His career had come full
circle: the physicist who began by studying uncertainty in weapons codes now leads the
entire directorate responsible for developing and applying those codes to certify the nation's
deterrent.

The following table provides a consolidated summary of Dr. Nakhleh's career progression and
the expanding scope of his responsibilities within the U.S. nuclear weapons complex.

Dates Institution Position / Title Key Responsibilities
& Mission Context

1996 - c. 2007 Los Alamos Technical Staff Served as a
National Laboratory | Member, Applied weapon system




(LANL)

Physics (X) Division

point-of-contact,
developed methods
for uncertainty
quantification in
simulation codes,
and contributed to
arms control and
dismantlement
verification
analyses. Graduate
of the TITANS
program.’

c. 2007 - 2013

Sandia National
Laboratories (SNL)

Leader, ICF Target
Design Department

Led the theoretical
design and analysis
of targets for the Z
Pulsed-Power
Facility, including
magnetically-driven
inertial
confinement fusion
(MagLIF) and
radiation-effects
experiments.”

20132018

Los Alamos
National Laboratory
(LANL)

Division Leader,
X-Theoretical
Design (XTD)

Oversaw all nuclear
weapon physics
design,
assessment, and
certification efforts
at the Laboratory,
leading the core
group of theoretical
weapons
designers.’

2018 - Present

Los Alamos
National Laboratory
(LANL)

Associate
Laboratory
Director, Weapons
Physics (ALDX)

Direct line and
programmatic
responsibility for all
nuclear weapons
designers,
simulation code




architects, and the
NA-11 portfolio for
weapons science,
computing, and
technology
maturation.’

Technical Contributions to Magnetized Liner Inertial
Fusion (MagLIF) and HEDP

Dr. Nakhleh's tenure at Sandia National Laboratories placed him at the center of the
experimental and theoretical work on the MagLIF concept. His name appears on a significant
body of peer-reviewed literature from this period, detailing foundational experiments in HEDP.
An analysis of these publications reveals a clear focus on understanding and mitigating the
primary physics challenges associated with magnetically-driven implosions, work that has
direct and profound implications for the science of nuclear weapons.

Analysis of Key Publications and Reports

Dr. Nakhleh's technical contributions, as documented in the open literature, can be
categorized into three interconnected areas: the study of hydrodynamic instabilities, the
design of integrated fusion targets, and the validation of experimental diagnostics and
techniques.

Implosion Physics and Hydrodynamic Instabilities: A primary focus of Dr. Nakhleh's
collaborative work at Sandia was the study of the Magneto-Rayleigh-Taylor (MRT) instability.
The MRT instability is a fundamental challenge in any Z-pinch or magnetically-driven
implosion, where the lower-density magnetic field "bubble" pushes on the higher-density
plasma "liner," causing any imperfections on the liner surface to grow exponentially and
potentially destroying the integrity of the implosion.” Maintaining a stable, symmetric
implosion is the single most critical factor for successfully compressing a fuel target to fusion
conditions.

Several key papers co-authored by Dr. Nakhleh report on the first controlled experiments to
measure MRT growth in fast (sub-100 nanosecond) Z-pinches." The methodology involved




using initially solid aluminum or beryllium tubes machined with microscopic, sinusoidal
perturbations of known wavelengths (e.g., 25-400 pm). The Z-machine would then drive ~20
MA of current through the liner, and a sophisticated, high-resolution X-ray radiography
system would capture a sequence of images of the liner's surface as it imploded, allowing for
precise measurement of the instability growth.” This work was essential for benchmarking the
radiation-magnetohydrodynamic simulation codes used to design the experiments,
demonstrating remarkable agreement between the simulations and the physical reality down
to very small wavelengths.'

Integrated MagLIF Target Design and Simulation: Beyond studying specific instabilities, Dr.
Nakhleh was a key contributor to the overall design of integrated MagLIF experiments.® These
publications detail how the three core components of MagLIF—axial pre-magnetization of the
fuel (

Bz~10 T), laser pre-heating of the fuel (Elas=2 kJ), and the main current pulse from Z for
implosion (Imax=18-20 MA)—are combined in a self-consistent design.® His role as head of
the ICF Target Design Department meant his team was responsible for the theoretical and
computational work, using codes like LASNEX, to model the entire process from laser
absorption to final stagnation, providing the designs for the first neutron-producing MagLIF
experiments.®

This body of research is not fundamentally about developing fusion as a commercial energy
source. It is a direct, unclassified investigation into the physics of a nuclear weapon primary.
The implosion of a cylindrical or spherical metal "pusher” (the liner) onto a fuel core is the
basic mechanism of the primary stage of a modern thermonuclear weapon. The
hydrodynamic instabilities, particularly the Rayleigh-Taylor instability and its magnetic
counterpart, are the most critical failure modes that can disrupt the symmetric compression
required for an efficient nuclear detonation. In the absence of full-scale underground testing,
the Stockpile Stewardship Program relies entirely on advanced simulation codes to certify the
performance and reliability of these weapon systems. The experiments on the Z-machine,
studying the implosion of beryllium liners under extreme magnetic pressure, provide the only
accessible, real-world data in this HEDP regime to validate and improve the physics models
within those secret weapons codes. Therefore, when Dr. Nakhleh co-authors a paper on
"Beryllium liner implosion experiments on the Z accelerator,” he is directly contributing to the
scientific foundation that ensures the credibility of the U.S. nuclear deterrent.”

The following table highlights a selection of Dr. Nakhleh's key publications from his time at
Sandia, illustrating the focus on implosion physics and code validation.

Year Title Journal / Venue Key Technical
Contribution /




Significance

2010 "Measurements of Physical Review Reports on the first
Magneto-Rayleigh- | Letters controlled,
Taylor Instability quantitative
Growth during the measurements of
Implosion of Initially MRT instability
Solid Al Tubes..." growth in fast
Z-pinches,
providing critical
validation data for
simulation codes.'
2011 "Measurements of Physics of Plasmas An extended paper
magneto-Rayleigh- providing more
Taylor instability detailed analysis of
growth during the the MRT
implosion.of initially experiments,
solid metal liners" including the
effects of
current-induced
ablation and
comparisons to
simulations across
a range of
wavelengths.
2012 "Pulsed-power IEEE Transactions An overview article
driven inertial on Plasma Science detailing the
confinement fusion development of
development at pulsed-power ICF
Sandia National concepts at Sandia,
Laboratories" including MagLlIF,
where Dr. Nakhleh
is listed as a
contributor.”’
2013 "Simulations of Physics of Plasmas Details simulations

electrothermal
instability growth in
solid aluminum

of electrothermal
instabilities, a
precursor to MRT,
in current-carrying




rods"

rods on the Z
accelerator,
co-authored by

magnetized liner
inertial fusion
(MagLlIF)
experiments using
the Z facility"

Nakhleh.?

2013 "Observations of Physical Review Reports on novel
modified Letters experimental data
three-dimensional showing that
instability structure pre-magnetizing a
for imploding liner with an axial
z-pinch liners that field dramatically
are changes the
premagnetized..." instability structure

from symmetric to
helical, a key
finding for
MagLIF.%

2014 "Design of Physics of Plasmas Presents the first

integrated
magnetohydrodyna
mic simulations
used to design the
initial
neutron-producing
MagLIF
experiments, a
paper on which
Nakhleh was a key
contributor.®

Professional Network and Collaborations in High
Energy Density Physics

Dr. Nakhleh's work was not conducted in isolation but as part of a highly integrated,
multi-institutional effort involving the top experts in the U.S. HEDP community. An analysis of
his co-authorship network reveals the command structure of the MagLIF program and the
broader collaborative ecosystem dedicated to stockpile stewardship science. This network is




not a loose academic affiliation but a tightly-knit team of senior scientists and program
leaders from the national laboratories and key industrial partners, executing a high-priority
NNSA mission.

Key Co-Author Analysis

The author lists on Dr. Nakhleh's most significant publications from his Sandia tenure read as
a "who's who" of the pulsed-power and Z-pinch physics world. His most frequent and
significant collaborators include the program's most senior figures, demonstrating that his
role in theoretical design was central to the experimental campaigns.

Dr. Daniel B. Sinars: A constant presence on Nakhleh's key papers, Dr. Sinars is a leading
experimentalist and, as of 2021, the Director of the entire Pulsed Power Sciences Center
at Sandia.** A recipient of the Presidential Early Career Award for Scientists and
Engineers (PECASE), his expertise is in developing the novel X-ray diagnostics that made
the quantitative measurement.of MRT instability possible.?® The collaboration between
Sinars (the experimental and diagriostic lead) and Nakhleh (the theoretical design lead)
formed the core of the MagLIF experimental effort.

Dr. Stephen A. Slutz: Dr. Slutz is a Distinguished Member of Technical Staff at Sandia
and is widely credited as the original inventor of the MagLIF concept.?® His 2010

Physics of Plasmas paper is the foundational theoretical document for the program. Dr.
Nakhleh's co-authorship on subsequent experimental papers with Dr. Slutz indicates that
he was working directly with the concept's originator to translate the theoretical idea into
physical reality.”

Dr. Kyle J. Peterson: A staff scientist and later manager for ICF Target Design at Sandia,
Dr. Peterson was another core member of the experimental team, frequently serving as
lead author on papers where Nakhleh was a key contributor.?” His work focused on both
instability growth and experiments with beryllium liners.*

Institutional Network Mapping

The affiliations of the co-authors on these papers map the institutional network required to
execute these complex experiments. This network is dominated by the NNSA's three nuclear
weapons laboratories, with critical support from industry.

Sandia National Laboratories (SNL): The undisputed hub of the experimental work, as
the host of the Z-Machine. The majority of co-authors on MagLIF papers are from SNL's



Pulsed Power Sciences Center."

Los Alamos National Laboratory (LANL): Even on experiments led by Sandia, LANL
personnel appear as co-authors, highlighting the deep integration between the labs. For
instance, on a 2013 paper on 3D instability structures, a LANL affiliation is noted
alongside those from Sandia and General Atomics.”

Lawrence Livermore National Laboratory (LLNL): LLNL collaborators, such as Joseph
Koning and Michael Marinak, appear on papers focused on simulation and code
development, indicating a tri-lab effort to benchmark and improve the predictive
capabilities of their respective hydrodynamics codes.??

General Atomics: Personnel from General Atomics, including Diana Schroen, Korbie
Killebrew, and B.E. Blue, are frequently listed as co-authors on the experimental papers.'’
This points to General Atomics' critical role as an industrial partner, likely responsible for
the complex target fabrication and specialized diagnostic components required for these

experiments.

The structure of this collaborative network underscores the nature of the work. It is not an
academic exercise but a prograrmmatic one. The presence of the facility director, the
concept's inventor, and senior scientists from all three NNSA weapons labs on the same
papers demonstrates that Dr. Nakhleh was a key leader within a high-priority, enterprise-wide

strategic initiative.

Collaborator Name

Primary Institution

Known Role /
Expertise

Significance of
Collaboration

Dr. Daniel B. Sinars

Sandia National
Laboratories

Director, Pulsed
Power Sciences
Center; Expertin
HEDP diagnostics

As the lead
experimentalist and
facility director,
Sinars'
collaboration with
Nakhleh represents
the critical link
between
theoretical target
design and
experimental
execution and
measurement.'’

Dr. Stephen A. Slutz

Sandia National
Laboratories

Distinguished
Member of
Technical Staff;

As the inventor of
the MagLIF
concept, his




Physicist

collaboration with
Nakhleh signifies
the direct
translation of his
foundational theory

into tangible
experimental
designs.”
Dr. Kyle J. Peterson Sandia National Manager / Staff A key
Laboratories Scientist, ICF experimentalist and

Target Design

frequent lead
author on MagLIF
papers, working
alongside Nakhleh
on instability
growth and liner
performance
experiments.?

Dr. Michael C.
Herrmann

Sandia National
Laboratories / LLNL

Senior Manager /
Director

A senior leader in
HEDP and ICF
physics at both
Sandia and later
LLNL, his presence
indicates high-level
programmatic
involvement."’

Dr. Edmund P. Yu

Sandia National
Laboratories

Staff Scientist

A key theorist and
simulation expert at
Sandig,
collaborating with
Nakhleh on
modeling
electrothermal and
hydrodynamic
instabilities.??

Diana G. Schroen

General Atomics

Scientist

Represents the
critical industrial
partnership, likely




in the area of
advanced target
fabrication,
essential for
conducting the
experiments
designed by
Nakhleh's team.?

Assessment of National Security and Dual-Use
Implications

The synthesis of Dr. Nakhleh's programmatic leadership roles, technical contributions, and
professional network provides a clear and unambiguous picture of the national security
implications of his work. The connection to "weaponization" is direct and undeniable, but must
be understood within the specific context of the U.S. Stockpile Stewardship Program. His work
is not aimed at creating new types of weapons from plasma or fusion, but at providing the
fundamental science required to maintain and certify the existing U.S. nuclear deterrent.

The Role of HEDP in Stockpile Stewardship

The Stockpile Stewardship Program (SSP) was established after the U.S. moratorium on
underground nuclear testing in 1992. Its mission is to ensure the safety, security, and reliability
of the nation's nuclear arsenal through a science-based approach, relying on non-nuclear
experiments and advanced simulation.** Dr. Nakhleh's own words confirm his mission focus:
"The Stockpile Stewardship Program provides the scientific and engineering capabilities that
the Laboratory depends on to steward a safe, secure, and reliable stockpile”.*

High Energy Density Physics (HEDP) experiments on facilities like the Z-Machine are a
cornerstone of the SSP. They are the only means available to create macroscopic samples of
matter under conditions of temperature and pressure that begin to approach those inside an
imploding nuclear weapon. The data from these experiments—such as the radiographic
images of MRT instability growth that Dr. Nakhleh helped analyze—are used for "code
validation".*” The complex, multi-physics simulation codes used to model nuclear weapon
performance are validated by demonstrating that they can accurately predict the outcome of




these HEDP experiments. This builds the scientific confidence required for weapons
designers, like those in the XTD division led by Dr. Nakhleh, to annually certify to the President
that the stockpile is reliable without resorting to nuclear testing.* This work directly supports
the assessment of specific systems for which LANL has stewardship responsibility, including
the B61, W76, W78, and W88.%

Analysis of Unclassified Reporting on "Applications”

A thorough review of the unclassified technical reports and publications co-authored by Dr.
Nakhleh shows a consistent and disciplined focus. The stated "applications" and goals of the
research are consistently framed in the language of fundamental science: "inertial
confinement fusion," "stockpile stewardship science," and "high energy-density physics".®
There is a conspicuous absence of any language suggesting the development of compact,
deployable fusion reactors for power or propulsion, or any novel plasma-based weapon
systems.

This stands in contrast to other research programs, such as the LANL/AFRL FRCHX
experiment, whose lineage is assessed to have transitioned to Lockheed Martin's Compact
Fusion Reactor (CFR) program for potential vehicle applications.*” Dr. Nakhleh's work on
MagLIF appears to exist in a separate, more fundamental domain directly tied to the
established SSP mission, rather than these more speculative, applied technology
development tracks.

Final Assessment on Weaponization Linkages

Based on the available evidence, the following conclusions can be drawn regarding the
connection between Dr. Nakhleh's work and the weaponization of plasma and fusion
technologies:

e Conclusion1 (HIGH CONFIDENCE): Dr. Nakhleh's entire documented career in plasma
physics and HEDP is inextricably linked to the "weaponization" of these sciences in the
specific context of the U.S. Stockpile Stewardship Program. His leadership and technical
contributions to understanding implosion physics on the Z-Machine provide the
fundamental scientific data and theoretical modeling necessary to validate the codes
used to assess and certify the existing U.S. nuclear arsenal. This work is a direct and
essential component of the nation's nuclear weapons program.

e Conclusion 2 (LOW CONFIDENCE): There is no open-source evidence to support a



conclusion that his work on MagLIF or in his leadership roles at LANL is aimed at
developing novel, deployable weapons based on fusion or plasma principles (e.g., a "pure
fusion" explosive or a plasma-based directed energy weapon). The research is
consistently presented and appears to be entirely in service of understanding the
fundamental physics that governs the performance, safety, and reliability of the existing
deterrent.

In summary, the term "weaponization" must be applied with precision. Dr. Nakhleh's work is
not about creating new types of weapons. It is about providing the scientific underpinnings
required to ensure the continued viability and credibility of the most powerful weapons that
already exist. His research on implosion physics is a cornerstone of this critical national
security mission.
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