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Thank you for your interest in the Sandia National Laboratories LDRD program! Each 

program area below contains a description of the program, along with the 4 high-level 

research needs. Please use the form attached to the email to submit your research 

summaries that align with the program areas below. Each research need (numbered 1-4) 

contains a unique identifier that you will use a key to select on the form. You may select 

more than one area per submission. Contact academicalliance@sandia.gov with any 

questions.  
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Energy & Homeland Security (EHS)  
The Energy & Homeland Security (E/HS) portfolio ensures the resilience and security of the nation’s 

critical infrastructures and environment to natural and anthropogenic threats or attacks by performing 

world-class research and development (R&D). 

EHS1: 
Climate Change Adaptation and Mitigation: Climate change is recognized as an existential threat to our 

national security. The scientific and engineering communities face research gaps in finding affordable 

and risk-based methods for assessing risk and consequence, designing infrastructure materials and 

systems to be more resilient in the face of decadal change, and developing system-wide decision-making 

processes for investments across industry and government to mitigate (e.g., decrease greenhouse gas 

emissions) and adapt (e.g., increase infrastructure resilience) to climate change. 

EHS2: 
Advanced Computing for Connected and Automated Vehicles: It is predicted that 10 years from now, 

several million highly automated passenger vehicles will be introduced on U.S. public roads. In order to 

make this scenario a reality while preserving driving range, computing power performance for 

perception and navigation needs to advance at least by two orders of magnitude to enable reliable and 

safe automated driving. Co-design of new materials, devices, architectures and algorithms, and 

computing at sensor nodes with analog/digital hybrid approaches pose new research opportunities. 

EHS3:  
Cyber Deterrence and Resilience: It is predicted that 10 years from now, nations will continue to compete 

to shape security architectures (great-power competition) and technologies will become more 

accessible to everyone (democratization of technologies).  These drivers will proliferate cyber-security 

threats both in their quantity and diversity. The confluence of these advances has the potential to yield 

new vulnerabilities in our infrastructure that could be exploited to pose a threat to national security. In 

order to prevent this scenario from becoming reality, new research opportunities centered on data, 

architectures and algorithms, sensors, and materials are needed. 

EHS4:  
Pandemic Response: With the emergence of the novel coronavirus and its impacts on human health and 

the economy, we have learned the importance for the nation to be able to anticipate, detect, and 

respond to public health emergencies and biological events. Increasing the nation’s ability to prevent or 

delay spread of pathogens will require advancements in technologies supporting surveillance and 

situational awareness, epidemiological modeling for policy planning, rapid and agile diagnostics, and 

disease science. National bio-preparedness will also require advancements in digital biosecurity and 

ways to anticipate over-the-horizon threats.  

 

National Security Programs (NSP) 
The National Security Programs (NSP) Mission Foundation (MF) funds innovative research and 

development (R&D) to enable trusted, threat-informed, pathfinder technologies and systems for national 

security applications. 



NSP1:  

Cyber Innovation (CYBER)  

The CYBER focus area applies science and engineering principles to understand and enhance the secure 

operation of complex, high-consequence national security systems in adversarial environments. We 

seek novel ideas that integrate end-to-end cybersecurity with the science and engineering enabling 

national security mission areas. Most projects fall into one or more of the following categories: cyber-

physical systems, next-generation mobile/Internet of Things (IoT) technologies, quantum information 

technologies, and cyber science & experimentation. 

Research Needs 

• Hardware systems understanding: security & assurance from materials to computation (e.g., 

physics/materials effects on Physical Unclonable Function/Random Number Generator 

(PUF/RNG) output; signals from noisy near-field environments; extension of cryptographic 

security) 

• Software systems understanding: static & dynamic analysis to characterize nominal/abnormal 

behavior; translation of vulnerability insights to measurements of risk; improved speed/accuracy 

in reverse engineering 

• Data systems understanding: authenticity, validation, verification, & trust; streaming analysis; 

edge processing 

• Data analytics, machine learning: explainable models; counter-adversarial models; new-

data/existing-model compatibility; host-based telemetry; analytics left of attack 

NSP2: 

Heterogeneous Integration & Trusted Radiation-hardened Microsystems (HI&TRH) 

The HI&TRH focus area seeks solutions to integrate diverse technology components into a higher-level 

microsystem assembly with improved performance and optimal space, weight, and power for trusted 

and/or radiation-hardened applications. 

Research Needs 

• Integration of separately manufactured components into a higher-level microsystem assembly 

that provide enhanced functionality and improved operating characteristics 

• Techniques for incorporating multiple disparate technologies such as complementary metal–

oxide–semiconductor (CMOS) logic and memory, compound semiconductor microelectronics 

and photonics, silicon photonics, micro-electro-mechanical systems devices, passive 

components and sub-systems 

• Computing capabilities that can provide insight into effects of heterogeneous integration on TRH 

performance for a broad range of solution options 

• New/modified integration processes that enable low-cost, low-volume, rapid R&D and 

prototyping efforts with a variety of technologies 

NSP3:  

Intelligence Science for Proliferation (ISP) 

The ISP focus area seeks technologies that can be used to identify, analyze, understand, and counter 

threats from a range of potential adversaries. 



Research Needs 

• Autonomous, innovative sensing systems, and sensor integration 

• Artificial Intelligence/Machine Learning (AI/ML), social system theory, data integration for 

strategic and operational exploitation of data 

NSP4:  

Radio Frequency Supremacy & Hypersonics (RFS&H) 

The RFS&H focus area needs to understand the various effects of system design, components and 

materials on hypersonic and sensor systems.  

Research Needs 

• Global Positioning System (GPS)-denied navigation and control  

• Advanced waveform research that enables resilient, agile processing for RF image formation, 
communications, autonomy, and sensor systems [Steve Castillo] 

• Multi-mission RF architectures using trusted electronic systems with smaller size, weight and 
power [Steve Castillo] 

• Decisional Analytics, modeling and simulation, signal processing, and performance prediction in 
complex environments applied to the research areas above [Bruce Thompson] 

 

Bioscience (Bio)  
The development of biological or combined biological-chemical approaches for production of high-value 

products such as specialty chemicals, medicinal chemicals, and precursors for smart and high-

performance materials is the highest priority of the Bioscience IA in FY21. A second area of interest is 

production of functional materials such as those inspired by endo- and exo-skeletons, beaks, claws, 

shells, and other natural biomaterials. Our goal is to understand and develop biologically synthesized 

inorganic, or hybrid inorganic/organic materials with especially desirable properties or structures. 

BIO1:  
Basic research on therapeutics and diagnostics to develop therapeutics pipelines and detection 

platforms for rapid response to infectious disease outbreaks. 

 

Computing and Information Sciences (CIS)  
The overarching goal of the CIS IA is to deliver innovative R&D that significantly advances computing and 

related sciences for the full spectrum of Sandia missions. The scope includes computer and 

computational science and engineering (including high-performance computing and computing 

architectures), information and data science, computational mathematics, and artificial intelligence. In 

all cases, CIS R&D must have a line-of-sight to impacting Sandia's current and/or future missions. 

CIS1:  
Trusted Artificial Intelligence:  

Mathematical foundations of Artificial Intelligence (AI) and Machine Learning (ML) that quantify uncertainty, 

improve explainability, and provide resiliency to adversarial subversion. 



CIS2:  

Mission-Driven Computing Co-Design: 

Co-design across computing systems, software, operations, algorithms, and applications to enable the 

complex workflows demanded by future mission applications. 

CIS3:  

Empowering Humans through Computing: 

Workflows, automation, decision support, and human-data systems that improve productivity and 

enhance our ability to design national security systems. 

Engineering Science (ENGSCI)  
The Engineering Sciences Research Foundation (ESRF) drives understanding and innovation by 

integrating theory, computational simulation, and experimental discovery and validation to elucidate 

and credibly predict the behavior of complex physical phenomena and systems.  The ESRF provides 

leadership and stewardship for a set of critical technical capabilities: aerosciences, combustion/fire 

sciences, fluid mechanics, energetics, shock physics, solid mechanics, structural dynamics, thermal 

sciences and computational simulation technologies.   

ENGSCI1: 
Fundamental and Coupled Physics Phenomena: discovery of fundamental, coupled physical phenomena 
in terms of characteristic length and time scales and development of predictive engineering science 
models needed to predict the as-built manufactured/assembled state performance of components and 
systems.  This includes models that capture defect formation phenomena during manufacturing 
processes as well as environmental responses in normal, abnormal and hostile environments.   Of 
specific interest are coupled physics and combined environment response models including 
mechanical/thermal/radiation science use cases.  

ENGSCI2: 
Next Generation Engineering Simulation: development of efficient and accurate modeling and simulation 
techniques is required in the design, development, qualification and sustainment stages of complex 
systems, across a wide variety of length and time scales.  Coupled multi-physics and multi-scale 
computational methods must be both efficient (including CAD-to-Solution workflow and especially 
meshing) and credible (including verification, validation and uncertainty quantification) to leverage the 
advancements afforded by the next generation of high-performance computing platforms.  Additionally, 
hierarchical multi-resolution, multi-fidelity, or reduced-order modeling frameworks are sought which 
capture complex high-resolution physics phenomena and predict their effects at coarser resolutions in a 
credible manner.  

ENGSCI3: 
Diagnostics and Experimental Capabilities for Engineering Applications: development of novel diagnostics 
and experimental testing capabilities are needed to capture phenomena and responses across multiple 
time and length scales up to and including the system level. Diagnostics that improves understanding of 
manufacturing processes, performance and validation testing are of interest as a part of an integrated 
engineering solution. This includes novel approaches to significantly improve production and safety 
experiment/testing and positively impact “cost, performance, schedule” in our engineering science 
applications. 



ENGSCI4:  
Engineering Data Integration and Interrogation: formulation and integration of data science techniques 
to identify and extract buried knowledge/trends in massive engineering data ensembles (either 
experiments, computational simulation or a combination of the two) or large single data sets exhibiting 
extreme temporal and spatial resolution. This includes (a) techniques for validation assessment using 
disparate data sets, (b) improved methods for handling data sets that are noisy, includes 
anomalies/defects and/or missing data, (c) integration of heterogeneous observational information, 
simulation data, and SME opinion for key decision-making processes and (d) approaches for fusion of 
data and physics models that fill physics gaps and improve the predictive capabilities of the models. 

Materials Science (MS)  

MS1:  

Discovery of new material systems and manufacturing processes: 

• Advanced synthesis and manufacturing processes for organic, ductile, brittle, electronic, optical, 

and multi-materials. 

• Discovery of new materials that enable advanced manufacturing capabilities. 

MS2:  

Materials discovery and fundamental understanding: 

• New materials and interfaces with tailored properties, enhanced performance, and/or new 

• functionality supporting Sandia mission needs. 

• Resilient and self-healing materials. 

• Materials with novel properties uniquely enabled by quantum effects. 

• Materials to enable novel energy conversion and storage. 

• Capabilities to increase understanding of fundamental material and interface degradation and 

• failure mechanisms. 

MS3:  

Development of advanced measurement science capabilities: 

• Novel non-destructive measurement methods that screen for critical defects. 

• High throughput and/or high-fidelity materials characterization techniques (e.g., enhanced 

spatial/temporal resolution experimental capabilities). 

MS4:  

Enabling computational priorities: 

• Approaches for bridging length and time scales that capture critical materials physics in 

engineering models with quantified uncertainties. 

• Leveraging current advances in machine learning and artificial intelligence, in combination with 

fundamental understanding of materials science, to create new materials, processing 

capabilities, or accelerated understanding/characterization of existing materials. 

Nanodevices and Microsystems (NM)  
The NMRF IA seeks proposals that: 

• Increase our understanding of physical phenomena and our ability to manipulate and control 

them from the nanoscale to the microscale. 



• Develop innovative nanoscale and microscale devices. 

• Achieve new methods of integration. 

• Enable new mission capabilities through novel microsystems. The NMRF Investment Area Team 

(IAT) will place priority on funding innovative scientific concepts aligned with Sandia’s mission 

strategies and Lab Priorities. 

 

NM1:  

Trusted resilient microsystems: 

The development of concepts, devices and tools that enable the understanding and creation of Extreme-

Environment-Hardened microelectronics and microsystems that are resistant to subversion. This 

includes proposals that further understanding of combined extreme environments impact on 

microsystem performance (ionizing radiation with high temperature, high power electromagnetic 

radiation, high shock, etc.). 

NM2:  

Beyond Moore's Law computing technologies: 

The development of nanoscale and microscale concepts, devices, tools and systems that extend 

performance improvements beyond Moore's Law 

NM3:  

Optoelectronics of the future:  

The discovery and creation of advanced optoelectronics, at the nanoscale and microscale, which provide 

new functionality 

NM4:  

Advanced Microsystem Sensor Technologies: 

The development of nanoscale and microscale concepts, devices and systems that enable physical, 

chemical, radiation, nuclear materials, and explosives detection exceeding current limitations in 

electivity, sensitivity, and/or robustness 

NM5:  

Nanoscale- and Microscale-enabled Performance: 

The discovery and exploitation of new functionality resulting from phenomena unique to the nanoscale 

and microscale; this thrust seeks to invest in enabling those scale-dependent phenomena such as non-

continuum and quantum 

Radiation, Electrical, and High Energy Density Science (REHEDS)  
The Radiation Effects and High Energy Density Science (REHEDS) investment area is closely coupled to the 
Nuclear Deterrence mission.  Fundamental understanding of the science of nuclear weapons and their 
effects is imperative for the future stockpile envisioned in the Nuclear Posture Review. The REHEDS 
Investment Area seeks to advance the science and engineering foundation that enables Sandia's 
Stockpile Stewardship and National Security missions in radiation effects sciences and survivability (RES), 
electrical sciences including electromagnetics (ELS), and high energy density science (HEDS). HEDS 
includes inertial confinement fusion, dynamic material properties, and pulsed power technology. 
 



REHEDS1:  

Radiation Effects Sciences (RES) 

Radiation effects science proposals are solicited in the following topical areas that are associated with 
the production/characterization of radiation environments at Sandia facilities and the analysis of effects 
in electronics and materials driven by the environments: 
 

• Diagnostics:  Advanced diagnostics for Saturn and Hermes III to characterize the x-ray/gamma-
ray testing environments and to perform time-dependent, in-situ measurement of vacuum 
voltage at relevant energies.  Advanced neutron and gamma detectors for fission- and fusion-
based neutron environments.   

• Radiation damage in electronics: Analysis of radiation effects (both fission and fusion based) on 
small feature size electronics, in emerging semiconductor technologies. 

• Combined effects modeling and simulation and associated VVUQ (Verification, Validation, 
Uncertainty Quantification): Advancements in combined effects modeling and simulation 
including development of generalized multi-physics code coupling capability for radiation driven 
response.  Development of novel VVUQ approaches across coupled physics codes including 
associated “new sources or experimental platforms” call. 

• New sources or experimental platforms: Creation of modular combined environment 
source/testing platforms for survivability testing. Development of advanced high intensity e-
beam source on the SPHINX accelerator for component testing. Proposals that result in proof of 
principle demonstrations providing flexible fielding at existing facilities and providing the 
capability to field large scale systems. 

• AI (Artificial Intelligence) applications: Development of AI techniques to drive ND decision 
making on hostile workflows associated with M&S and experimental activity. An example of this 
is AI synthesis of experimental and simulation data streams to leverage M&S and experiments 
holistically providing a development of a deeper analysis. 

REHEDS2:  

Electrical Sciences (ELS) 

Electrical Science proposals are solicited that help advance our understanding of key electrical 

phenomena and improve our ability to support the ND mission via design, analysis, and experimental 

diagnostics, including incorporating radiation effects into predictive modeling of circuit response: 

• Computational Science and AI applications: Research of novel methods and algorithms for time 
integrations and spatial and temporal adaptivity for simulation of PDE’s and DAE’s.  Additionally, 
novel analytical methods (including AI approaches) for enhanced understanding of combined 
experimental and computational data (data fusion). 

• EM Diagnostics: Development of advanced electromagnetic (EM) diagnostics to understand and 
characterize EM fields and interactions inside high-quality, loaded cavities.  

• Design via simulation: Research and development of mod/sim techniques, along with 
experimental techniques for validation of topology optimization or related techniques for 
tunable EM-loaded, structures and resilient circuits.  

EM circuit response effects:  Research towards simulation capabilities that predict circuit response 

effects of coupled EM for analog, RF and digital electrical circuits.   



REHEDS3:  

High Energy Density Sciences (HEDS) 

Pulsed power experimental facilities play an integral role in the study of HEDS at Sandia.  In FY22, 

proposals are requested to address several unique aspects of operating such facilities and executing 

experiments in the environments that they generate. 

• New concepts for containment:  Experiments involving hazardous materials which are 
performed in containment are an important part of the portfolio at the Z facility.  However, 
these experiments take longer and pose significant challenges for diagnostic access and 
employment of subsystems.  We request proposals for innovative approaches to either improve 
the time necessary to field such experiments or to improve how they are fielded and diagnosed. 

• Improving operations of pulsed power facilities:  Pulsed power experimental facilities require 
significant and persistent maintenance and refurbishment.  We request novel or high risk 
concepts for improving the operation of these facilities, such as utilizing novel components or 
mitigating hazards involved with their operation. 

• Innovative triggering of diagnostics:  Debris and background radiation pose a persistent hazard 
to diagnostic instruments on Z.  In order to mitigate these hazards, new ideas are needed to 
trigger and cross time diagnostics such as pulse dilation or streak cameras with a total recording 
time that is less than the jitter of the Z facility. 

REHEDS4:  
Continuing from the call in FY21, we are requesting experimental advances to address gaps in our 

understanding of low density plasmas encountered in pulsed power facilities. 

• Diagnosing low density plasmas:  Ideas are sought for techniques to measure low density 
plasma near power flow surfaces to elucidate better modeling of these plasmas.  Relevant 
techniques may include laser probing, optical or UV framing and spectroscopy 

 

We also seek ideas for novel platforms to improve the scope of experiments to measure HED properties 

on pulsed power facilities 

• Measuring transport in HED materials: Ideas are sought for techniques to measure transport 
properties like viscosity or electrical conductivity in the HED regime 

• Novel radiation sources: Proposals are welcomed for the development of new neutron- or x-ray 
radiation producing sources.   Of interest are also new capabilities for the improved modeling of 
such sources. 

 

New Ideas (NI)  
The New Ideas IA solicits proposals that do not fit neatly into the categories or priorities covered by the 

other LDRD Investment Areas. 

NI1:  
Fundamental research in fields of current interest to Sandia that are outside the strategy space of the 

other IAs 

NI2:  
Research at the boundaries between IAs, interdisciplinary topics, and unconventional ideas 



NI3:  
Ideas that have long time horizons where mission relevance and potential impacts may be great, but the 

specifics are presently quite uncertain 

NI4:  
Ideas that propose nascent research in an emerging new research field that may become mission 

relevant. 

NI5:  
Out-of-the-box approaches to address mission needs. 

 

 


