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OUR HISTORY IS TRACED TO  
    THE MANHATTAN PROJECT

•  July 1945: Los Alamos creates Z Division
 •  Nonnuclear component engineering
        •  Federally Funded Research and Development Center
            •  November 1, 1949: Sandia Laboratory established
•            •  March 8, 1956: Sandia California officially opened  
                    •  AT&T: 1949–1993 
                        •  Martin Marietta: 1993–1995
                            •  Lockheed Martin: 1995–2017
                                •  Honeywell: 2017–present
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Arms 
race

Cuban 
missile 
crisis & 

Vietnam 
War

Energy 
crisis

End of 
Cold War

Stockpile 
stewardship

Broader 
national 
security

Evolving 
national 
security 

challenges

DOE 
MULTIPROGRAM 

+ MISSILE DEFENSE 
AND OTHER 
DOD WORK 

DOE 
MULTIPROGRAM 

+ DOD, ECONOMIC 
COMPETITIVENESS

EXPANDED 
NATIONAL 

SECURITY ROLE
POST -9/11

NW 
STOCKPILE  

DIVERSITY AND 
BUILDUP 

NW + ENERGY: 
MULTIPROGRAM 

LABORATORY 

NUCLEAR WEAPONS 
ENGINEERING 
AND TESTING

NUCLEAR 
WEAPONS 

MODERNIZATION

A new 
nuclear 

era

MULTIMISSION 
LAB: LEPs,

CYBER, BIO, SPACE,
TERRORISM

3



SANDIA HAS FIVE MAJOR
PROGRAM PORTFOLIOS
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Multidisciplinary 
capabilities 

Required for design, 
qualification, production, 
surveillance

Design agency for 
nonnuclear components

Specialized component 
production

NUCLEAR DETERRENCE
Responsibilities form a critical mandate

Warhead systems 
engineering & 
integration
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Sandia’s Weapon Quality organization proactively drives 
component and system reliability to ensure weapon quality



GLOBAL SECURITY
Protects the nation from threats at home and abroad

• Space- and ground-based sensor 
systems for monitoring emerging threats

• Technology and training to respond to a 
crisis associated with weapons of mass 
destruction

• Capabilities for protecting U.S. nuclear 
weapons and materials at fixed sites and 
in transit

• Systems that deter proliferation and 
verify compliance with international 
agreements using space-borne and 
ground-based sensing technology

• Global technical engagement to prevent 
the misuse of nuclear, chemical, 
biological and radiological materials
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NATIONAL SECURITY PROGRAMS
Provide trusted, threat-informed pathfinder 
technology for national security
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Secures the nation’s critical infrastructures and environment against attacks, threats
and climate change by performing world-class research and development

ENERGY & HOMELAND SECURITY

• Reduce the nation’s vulnerability to chemical, 
biological, radiological and nuclear threats

• Enable the full potential of renewable 
energy and subsurface resources

• Ensure the safety, security and resilience 
of nuclear power and the electric grid,
and the safe management and disposal 
of radioactive wastes

• Advance efficient and sustainable energy use 
for a changing world

• Increase our nation’s digital and physical critical 
infrastructure security and resilience to natural 
and human-made threats

88
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SCINTILLATOR & RAD-SENSITIVE MATERIALS DEVELOPMENT

Mission Requirements for nuclear non-proliferation, defense, and nuclear energy have 
spawned the need for spatially-resolved fast neutron detectors:
• Neutron double-scatter imaging 
• Associated particle imaging
• Neutron radiography

N.R. Myllenbeck, S. Payne and P.L. Feng Nuclear Inst. and Methods in Physics Research, A 954 (2020) 161782

Fig. 3. [Left] Correlation between mass uptake and light scattering for a full uptake-desorption cycle in 1®® cubes of EJ-200 plastic scintillator. [Right] Images of a 1®® PVT sample are
shown at various stages in the uptake and desorption cycle.

Fig. 4. EJ-200 PVT scintillator cubes after 6 days at 55 ˝C, variable humidity, followed
by overnight soak at *20 ˝C to accentuate fog formation.

the plastic sample was cooled slowly from the aging temperature until
the degree of light scattering at 430 nm was saturated in the plastic
sample. *10 ˝C was the lowest temperature readily achievable by the
chiller used, but even so, fog onset temperatures were recorded for a
range of sample aging environments, with moisture mass uptake ranging
from 0.024% to 0.058%.

Experimental data are plotted in Fig. 6 for the series of samples aged
at 55 ˝C and variable R.H., and a progression of increased fog onset
temperature with increased mass uptake was observed, using the X-
intercept of baseline-slope tangent intersection as the onset. The onset
temperature data were then plotted as a function of the moisture mass
uptake by the sample, to construct a ‘‘fog line’’, which revealed a nearly
linear relationship. Additionally, fog onset temperatures for samples
aged at 25, 35 and 45 ˝C were collected and also increase monotonically
with moisture mass uptake, though more data is needed to see if the
relationship is the same as for 55 ˝C-aged samples, within measurement
uncertainty. Independence of fog onset temperature with respect to
aging temperature would imply that only the moisture uptake is the
important factor in determining the fog onset temperature, and that the
path taken to reach a particular moisture uptake value is irrelevant.

3.5. Connection to portal plastics: Predictive modeling using local weather
data

To understand how the moisture uptake and fog onset data collected
in the lab for 1®® cube samples might give insight to the fogging phe-
nomenon observed in 7® ù 2® ù 2®® plastic scintillator panels, the fog line
constructed from 55 ˝C aging of 1®® cubes was set as a boundary below
which fogging would occur. Coordinates above the line represent non-
fogging conditions (see Fig. 6). Historical weather data was collected
for stations located near international ports of entry where plastic
scintillator panels are located, to estimate temperature and humidity,
and summarized into two week-average low temperatures. The average

Fig. 5. [Left] Fogging kinetics output with fog progression shown for various cycle numbers. [Right] 10%–90% scattering saturation time and scattering ratio as a function of thermal
cycle number in a single, moisture-saturated, plastic sample cycled between 55C, 100% R.H. and room temperature.

4

Goals:
⏤ Provide improved neutron-gamma discrimination, 

increased light yield, and higher efficiencies
⏤ Devise methods for scalable production to facilitate 

technology transfer to industry and ease of 
commercialization.
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SILICON PHOTOMULTIPLIER-BASED DETECTORS 

Silicon Photomultipliers (SiPMs) outperform traditional photomultiplier tubes (PMTs):
• Greatly improved size, weight and power (SWaP)
• Vacuum tube vs. solid state technology improves overall robustness
• Improved photo-detection parameters, e.g., efficiency, timing response, and gain 

resolution

Evaluating technology options for replacing PMTs with SiPMs, including 
⏤ devising pixelated readout solutions for 1000s of channels,
⏤ understanding response to 70-80℃  and compensate by…

o designing temperature compensation circuits to account for gain changes
o cutting out individual noisy avalanche photodiodes to reduce dark count rate
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NEUTRON AND GAMMA CODED APERTURES

Developing high-resolution passive emission neutron and gamma detection & imaging 
capabilities for warhead verification measurements and emergency response diagnostics.
⏤ Neutron emission directionality can improve detection and enable localization of weak 

SNM sources.
⏤ High-resolution imaging characterizes the spatial distribution of plutonium or other 

neutron emitters.
⏤ Antisymmetric masks allow arms control verification measurements without revealing 

sensitive information.

Coded aperture systems have been tested and refined using measurements of arms 
control treaty-relevant objects through the Warhead Measurement Campaign and End-to-
End projects, and has been devised for incorporation into a treaty CONOPS.

 

 

Anti-mask 

Single detector 

Object to be confirmed 
Plutonium Oxide “Hemis” 

Positive 
confirmation 
indicated by 
random noise  

Figure -  (Left-top) Top view of the simplest illustration of the CONFIDANTE concept.  One half of the mask is the anti-mask of the other.  
(left-bottom) If A and B are identical, then the sum of signals (y-axis) will be consistent with random noise as a function of rotation angle (x-
axis) even though the contributions from A and B vary.  (Right) Photograph of the CONFIDANTE prototype confirming two objects are 
identical as indicated by a completely random signal (right inset). 
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RAD2K: NEW APPROACHES FOR REMOTE OPTICAL RADIATION DETECTION
PI: Garrett Marshall, Sandia National Laboratories
Collaboration: Vassilia Zorba, Lawrence Berkeley National Laboratory
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Group successfully demonstrated passive, 
UltraViolet (UV) optical radiation detection from 
kilometer stand-offs (only natural background 
radiation present).

Air column fluorescence from 60Co 
irradiation

Context image overlaid by full UV 
image

Radioluminescence process

UV attenuation > IR attenuation
Radioluminescence bands near transmission 
windows for acceptable single to noise from 
multi-km standoffs?

Thrusts
Discovery: evaluation of long attenuation length infrared 
(IR) signals for the potential remote detection of irradiated 
air with passive or laser-probing techniques.
Refinement: ultrafine spectroscopic methods to resolve 
individual ro-vibrational characteristic spectral 
features for improved detection capability.
Pursuit: development of laser-generated plasma mirror 
to create free-space retroreflector for monostatic laser-
based probing applications. 

Foundational Past Effort RAD2K Advancements

Table-top plasma mirror 
schematic



JON BALA JTHY (FORMER NSSC POSTDOC, CURRENT STAFF AT SNL/CA)
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Pixelated Neutron Detector
• Performed neutron detection efficiency 

measurements for a new pixelated neutron 
scintillation detector with individual pixel readout

PROACTIVE Venture: Neutron Coded Aperture (NCA) for Arms Control
• Adapting NCA technology for use in arms control
• Detector and electronic readout development for easy authentication and 

certification
• Development of arms control relevant analysis procedures using modelling and 

experiment

Warhead Attributes from Radiation Imaging 
(WARI)
• Developed attribute confirmation analysis 

algorithm using reconstructed images from 
neutron-coded aperture

Selected 
neutrons in 
single pixel 

Measured 
efficiency in all 

pixels

Pixelated PSD-
capable 
scintillator 8x8 J-series 

SiPM array

Kinematic 
imaging 
principle

Monolithic 
imager with 2-
sided 
instrumentation

External crosstalk 
generated by a 

single SiPM 
channel

NCA mask pattern Mask-modulated image Reconstructed image

(Left) Simulated fast neutron 
image of rectangular source

(center) simulated thermal 
neutron image of 

overlapping rectangular 
source

(right) algorithm output 

Neutron 
coded 
aperture 
imaging 
detector

Single Volume Scatter Camera Collaboration
• Commissioned and characterized SiPM-Based 

monolithic prototype
• Developed likelihood model for event 

reconstruction
• Made in-situ measurement of SiPM external 

crosstalk



WE HAVE FACILITIES 
ACROSS THE NATION

Sandia
Livermore, 
California

Sandia
Albuquerque,
New Mexico

ARM 
Research 

Facility
Barrow, AK

Kauai Test 
Facility
Kauai, HI

Tonopah 
Test Site

Tonopah, NV

Waste 
Isolation 

Pilot Plant
Carlsbad, NM

Sandia
Field Office
Washington 

D.C.

Weapons 
Evaluation 

Test 
Laboratory/

Amarillo, TX

Minneapolis
-St. Paul 
Office

Main Sites
Albuquerque, New Mexico 
Livermore, California

Pantex 
Plant

Amarillo, TX
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Scaled 
Wind Farm 
Technology 

Facility
Lubbock, TX



ADVANCED SCIENCE & TECHNOLOGY
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Research Foundations play an integral role in mission delivery

Radiation, Electrical and
High Energy Density Science

Materials
Science

Engineering Science Earth Science BioscienceComputing
Information Science

Nanodevices & 
Microsystems

Integrates multidisciplinary efforts to advance science for Sandia’s missions


