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UPDATES AND REMINDERS

RECOMMENDATION

The Department of Energy (DOE) Office of Science (SC) encourages you to register in all
systems as soon as possible. You are also encouraged to submit letters of intent (LOIs), pre-
applications, and applications well before the deadline.

CURRENT AND PENDING SUPPORT AND BIOGRAPHICAL SKETCHES

The instructions for the content of current and pending support and biographical sketches have
changed. Please read the instructions carefully and follow them.

INDIVIDUALS WHO SHOULD NOT SERVE AS MERIT REVIEWERS
Follow the updated instructions in Section VIII and consider the use of the template available at

https://science.osti.gov/erants/Policy-and-Guidance/A greement-Forms. Do not include this list as
part of the biographical sketch.

REPORTING AND ADMINISTRATIVE REQUIREMENTS

DOE is implementing enhanced reporting requirements for applications and awards. Reporting
and administrative requirements, including but not limited to those pertaining to other sources of
support and potential conflicts of interest or commitment, are subject to change before the
Federal award date. The terms and conditions of award will specify changed requirements:
Applicants have the right to reject any proposed awards. Terms and conditions may be modified
at the time of an award modification: Recipients have the right to reject such modifications and
allow an award to expire.

UNIQUE ENTITY IDENTIFIER (UEI)

The Federal Government is transitioning from the Data Universal Numbering System (DUNS),
assigned by Dun and Bradstreet at https://fedgov.dnb.com/ to the UEI, assigned by the System
for Award Management at https://www.sam.gov. Information systems including SAM.gov,
Grants.gov and PAMS (https://pamspublic.science.energy.gov) are being updated: Please follow
the on-screen instructions or contact each system’s Help Desk for additional information.
Detailed information about the transition is available at https://www.gsa.gov/about-
us/organization/federal-acquisition-service/office-of-systems-management/integrated-award-
environment-iae/iae-information-kit/unique-entity-identifier-update.

ACKNOWLEDGMENT OF FEDERAL SUPPORT

SC guidance about how its support should be acknowledged is published at
https://science.osti.gov/funding-opportunities/acknowledgements/.
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PUBLIC ACCESS

Awards made under this FOA are subject to DOE’s Public Access Plan
(https://www.energy.ecov/downloads/doe-public-access-plan). Full-text version of scientific
publications must be made publicly accessible at no charge to readers.

SC STATEMENT OF COMMITMENT

The DOE SC is fully and unconditionally committed to fostering safe, diverse, equitable, and
inclusive work, research, and funding environments that value mutual respect and personal
integrity. Discrimination and harassment undermine SC’s ability to achieve its mission by
reducing productivity, discouraging, or inhibiting talent retention and career advancement, and
weakening the integrity of the SC enterprise overall. SC does not tolerate discrimination or
harassment of any kind, including sexual or non-sexual harassment, bullying, intimidation,
violence, threats of violence, retaliation, or other disruptive behavior in the federal workplace,
including DOE field site offices, or at national laboratories, scientific user facilities, academic
institutions, other institutions receiving SC funding, or other locations where activities funded by
SC are carried out. All applicants and collaborators should familiarize themselves with the SC
Statement of Commitment available at https://science.osti.gov/sc-2/Research-and-Conduct-
Policies/Diversity-Equity-and-Inclusion/SC-Statement-of~-Commitment.

UPDATING YOUR PAMS PROFILE

All applicants are encouraged to update their profiles in the PAMS website at
https://pamspublic.science.energy.gov regularly, at least annually, to ensure SC has your most up
to date information. The PAMS profile now requires that individuals provide responses to the
demographic related fields. SC strongly encourages applicants and awardees, including Principal
Investigators (PIs), Co-Pls, and other Key Personnel, to provide their demographic information.
By providing your demographic information, you are assisting with SC’s continued commitment
to advancing diversity, equity, and inclusion in its business practices. Alternatively, for
information you wish not to disclose, please select, “Do not wish to provide.” Your individual
demographic information will not be shared with peer reviewers and the information in your
PAMS profile is protected by the requirements established in the Federal Privacy Act of 1974.
Aggregate, anonymized demographic information may be shared with confidential review
committees who are charged to evaluate the quality and efficacy of SC’s business practices. For
example, summary statistics of all applicants to or awardees selected from a particular SC FOA
may be reviewed by a Committee of Visitors.

PDF GENERATION

The research narrative in an application must be one single machine readable PDF file that
contains the DOE Title Page, project narrative, biographical sketch, current and pending support,
bibliography and references cited, facilities and other resources, equipment, data management
plan, and other attachments. This single PDF file may not be scanned from a printed document
and must be attached in Field 8 on the Grants.gov form. You are strongly encouraged to submit
the combined research narrative file through a “Print to PDF” or equivalent process to ensure
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that all content is visible in one PDF file.

Checklist for Avoiding Common Errors:

Item

Issue

Page Limits

Strictly followed throughout application,
including particular attention to:
Research Narrative

Appendix 2 Narrative, if any
Biographical sketches

- Data Management Plan(s) (DMPs)

- Letter(s) of Recommendation, if any

Personally Identifiable Information

None present in the application

Research Narrative

Composed of one PDF file including all
appendices

List of Individuals who Should not Serve as
Merit Reviewers

Provided as separate file in application

Project Summary / Abstract

Name(s) of applicant, Principal Investigator
(PI)(s), PI’s institutional affiliation(s), Co-
Investigator(s), Co-Investigator’s institutional
affiliation(s)

DOE Title Page

Follow instructions closely

Budget

Use current negotiated indirect cost and fringe
benefit rates

Budget Justification (attached to budget)

Justify all requested costs

Biographical Sketches

Follow page limits strictly

Current and Pending Support

Ensure complete listing of all activities,
regardless of source of funding

Data Management Plans (DMP)

- Ifreferring to an experiment’s DMP,
describe the relationship to the proposed
research

- Include a DMP even if no experimental
data is expected

iii




Section I - FUNDING OPPORTUNITY DESCRIPTION

GENERAL INQUIRIES ABOUT THIS FOA SHOULD BE DIRECTED TO:

Technical/Scientific Program Contact: Questions regarding the program technical
requirements must be directed to the point of contact listed for each program area within this
FOA.

STATUTORY AUTHORITY

Section 646 of Public Law 95-91, U.S. Department of Energy Organization Act
Section 901, et seq. of Public Law 109-58, Energy Policy Act of 2005

APPLICABLE REGULATIONS

Uniform Administrative Requirements, Cost Principles, and Audit Requirements for Federal
Awards, codified at 2 CFR 200

U.S. Department of Energy Financial Assistance Rules, codified at 2 CFR 910

U.S. Department of Energy, Office of Science Financial Assistance Program Rule, codified at 10
CFR 605

SUMMARY

The Office of Science (SC) of the Department of Energy (DOE) hereby announces its continuing
interest in receiving grant applications for support of work in the following program areas:
Advanced Scientific Computing Research, Basic Energy Sciences, Biological and Environmental
Research, Fusion Energy Sciences, High Energy Physics, Nuclear Physics, Isotope R&D and
Production, and Accelerator R&D and Production. On September 3, 1992, DOE published in the
Federal Register the Office of Energy Research Financial Assistance Program (now called the
Office of Science Financial Assistance Program), 10 CFR 605, as a Final Rule, which contained
a solicitation for this program. Information about submission of applications, eligibility,
limitations, evaluation and selection processes and other policies and procedures are specified in
10 CFR 605.

This FOA is our annual, broad, open solicitation that covers all research areas in SC and is open
throughout the Fiscal Year. Any research within SC’s Congressionally-authorized mission may
be proposed under this FOA.

This FOA will remain open until September 30, 2022, 11:59 PM Eastern Time, or until it is
succeeded by another issuance, whichever occurs first. This FOA succeeds DE-FOA-0002414,
which was published October 1, 2020.

SUPPLEMENTARY INFORMATION

The SC mission is to deliver scientific discoveries and major scientific tools to transform our
understanding of nature and advance the energy, economic and national security of the United
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States. SC is the Nation’s largest Federal sponsor of basic research in the physical sciences and
the lead Federal agency supporting fundamental scientific research for our Nation’s energy
future.

SC accomplishes its mission and advances national goals by supporting:

e The frontiers of science—exploring nature’s mysteries from the study of fundamental
subatomic particles, atoms, and molecules that are the building blocks of the materials of
our universe and everything in it to the DNA, proteins, and cells that are the building
blocks of life. Each of the programs in SC supports research probing the most
fundamental disciplinary questions.

e The 21st Century tools of science—providing the Nation’s researchers with 28 state-of-
the-art national scientific user facilities - the most advanced tools of modern science -
propelling the U.S. to the forefront of science, technology development and deployment
through innovation.

e Science for energy and the environment—paving the knowledge foundation to spur
discoveries and innovations for advancing the Department’s mission in energy and
environment. SC supports a wide range of funding modalities from single principal
investigators to large team-based activities to engage in fundamental research on energy
production, conversion, storage, transmission, and use, and on our understanding of the
earth systems.

SC manages its research portfolio through eight scientific program offices. The following
program descriptions, websites, and technical points of contact are offered to provide more in-
depth information on scientific and technical areas of interest to SC:

1. Advanced Scientific Computing Research (ASCR)
(a) Applied Mathematics

(b) Computer Science

() Computational Partnerships

(d) Advanced Computing Technologies

2. Basic Energy Sciences (BES)

(a) Materials Chemistry

(b) Biomolecular Materials

() Synthesis and Processing Science

(d) Experimental Condensed Matter Physics
(e) Theoretical Condensed Matter Physics

) Physical Behavior of Materials

(g) Mechanical Behavior and Radiation Effects
(h) X-ray Scattering

(1) Neutron Scattering

() Electron and Scanning Probe Microscopies
(k) Atomic, Molecular, and Optical Sciences
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(s)
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(v)

Gas Phase Chemical Physics
Computational and Theoretical Chemistry
Condensed Phase and Interfacial Molecular Science
Catalysis Science

Separation Science

Heavy Element Chemistry

Geosciences

Solar Photochemistry

Photosynthetic Systems

Physical Biosciences

BES Accelerator and Detector Research

3. Biological and Environmental Research (BER)

(a)
(b)

Biological Systems Science
Earth and Environmental Systems Sciences

4. Fusion Energy Sciences (FES)

(a)
(b)
(c)
(d)
(e)
€3]
(2
(h)
(i)
0)
(k)

Burning Plasma Science: Foundations—Advanced Tokamak
Enabling Research and Development

Burning Plasma Science: Foundations—Spherical Tokamak
Burning Plasma Science: Foundations—Theory & Simulation
Burning Plasma Science: Long Pulse—Tokamak

Burning Plasma Science: Long Pulse—Stellarator

Burning Plasma Science: Long Pulse—Materials

Burning Plasma Science: Long Pulse—Fusion Nuclear Science
Discovery Plasma Science: Plasma Science and Technology
Discovery Plasma Science: Measurement Innovation
Public-Private Partnerships in Fusion Energy Research

5. High Energy Physics (HEP)

(a)
(b)
(c)
(d)
(e)
(H
(2
(h)

Experimental Research at the Energy Frontier in High Energy Physics

Experimental Research at the Intensity Frontier in High Energy Physics

Experimental Research at the Cosmic Frontier in High Energy Physics

Theoretical Research in High Energy Physics

Computational Research in High Energy Physics

Accelerator Science and Technology Research and Development in High Energy Physics
Detector Research and Development in High Energy Physics

Quantum Information Science for High Energy Physics Research

6. Nuclear Physics (NP)

(a)
(b)
(c)
(d)
(e)
S

Medium Energy Nuclear Physics
Heavy Ion Nuclear Physics
Nuclear Structure and Astrophysics
Fundamental Symmetries

Nuclear Theory

Nuclear Data




(2) Nuclear Theory Computing
(h) Accelerator Research and Development for Current and Future Nuclear Physics Facilities
(1) NP Quantum Information Science (QIS)

7. Isotope R&D and Production (DOE IP)

(a) Radioisotope Production
(b) Isotope Processing and Purification
() Nuclear Chemistry and Radiochemical Separations

(d) Biological Tracers and Imaging
(e) Isotope Enrichment Technology

8. Accelerator R&D and Production (ARDAP)

1. Advanced Scientific Computing Research (ASCR)
Program Website: https://science.osti.gov/ascr

The Advanced Scientific Computing Research (ASCR) program’s mission is to advance applied
mathematics and computer science; deliver the most sophisticated computational scientific
applications in partnership with disciplinary science; advance computing and networking
capabilities; and develop future generations of computing hardware and software tools for
science and engineering in partnership with the research community, including U.S. industry.
The strategy to accomplish this has two thrusts: developing and maintaining world-class
computing and network facilities for science; and advancing research in applied mathematics,
computer science and advanced networking.

ASCR supports cross-disciplinary research in which other domains of scientific inquiry may
provide the data to provide use-cases for computer scientists and applied mathematicians to
devise generalized methods, models, algorithms and tools. ASCR’s interest in these fields is not
to solve the specific problems in other scientific domains but to use those challenges to advance
the state of the art and increase knowledge in its fields of research.

The priority areas for ASCR include the following:

e Develop mathematical models, methods and algorithms to accurately describe and predict
the behavior of complex systems involving processes that span vastly different time
and/or length scales.

e Advance key areas of computer science that:

— Enable the design and development of extreme scale computing systems and their
effective use in the path to scientific discoveries; and

— Transform extreme scale data from experiments and simulations into scientific
insight.

e Advance key areas of computational science and discovery that support the missions of
SC through mutually beneficial partnerships.

e Develop and deliver forefront computational, networking and collaboration tools and
facilities that enable scientists worldwide to work together to extend the frontiers of
science.


https://science.osti.gov/ascr

The computing resources and high-speed networks required to meet SC needs exceed the state-
of- the-art by a significant margin. Furthermore, the system software, algorithms, software tools
and libraries, programming models and the distributed software environments needed to
accelerate scientific discovery through modeling and simulation are often beyond the realm of
commercial interest. To establish and maintain DOE’s modeling and simulation leadership in
scientific areas that are important to its mission, ASCR operates Leadership Computing facilities,
a high-performance production computing center, and a high-speed network, implementing a
broad base research portfolio in applied mathematics, computer and network sciences, and
computational science to solve complex problems on computational resources that are on a
trajectory to reach exascale and beyond.

The ASCR subprograms and their objectives follow:
(a) Applied Mathematics

This subprogram supports basic research leading to fundamental mathematical advances and
computational breakthroughs across DOE and SC missions. Important areas of basic research
include: (1) novel deterministic or randomized numerical methods for the scalable solution of
large-scale, linear and nonlinear systems of equations, including those solution methods that take
into consideration the possibilities brought about by future HPC architectures; (2) optimization
techniques and next-generation solvers; (3) numerical methods for modeling multiscale, multi-
physics or multi-component continuous or discrete systems that span a wide range of time and
length scales; (4) methods of simulation and analysis of systems that account for the
uncertainties of the systems, or are inherently stochastic or uncertain; (5) innovative approaches
for analyzing, extracting insight from, or reducing large-scale data sets; and (6) foundational
research in Scientific Machine Learning (Scientific ML) and Artificial Intelligence (Al) as a
cross-cutting area of interest for enabling greater adaptivity, automation, and predictive
capabilities in scientific computing.

Submission of preliminary research descriptions (e.g., preproposals, pre-applications) is strongly
encouraged. They will be reviewed for responsiveness of the proposed work to the research
topics. Specifically excluded is research that primarily results in evolutionary improvements to
the existing state of practice. You must send email to a Subprogram Contact for information
regarding format and content.

Subprogram Contacts:
e William Spotz, William.Spotz@science.doe.gov

e Steven Lee, Steven.Lee@science.doe.gov
Website: https://science.osti.gov/ascr/Research/Applied-Mathematics

(b) Computer Science

The Computer Science research program supports research that enables computing and
networking at extreme scales and the understanding of extreme scale, or complex data from both
simulations and experiments. It aims to make high performance scientific computers and

5


mailto:Steven.Lee@science.doe.gov
https://science.osti.gov/ascr/Research/Applied-Mathematics

networks highly productive and efficient to solve scientific challenges while attempting to reduce
domain science application complexity as much as possible. The computer science program does
this in the context of sharp increases in the heterogeneity and complexity of computing systems;
the need to seamlessly and intelligently integrate simulation, data analysis, and other tasks into
coherent and usable workflows; and the challenges posed by highly novel computing platforms
such as neuromorphic systems.

Priority interests for the program include the following. Applications are not restricted to a single
topic and may span several topics.

e Data management, analysis, and visualization:
SC-supported researchers and facilities are generating large, complex, multi-modal data at
unprecedented rates. There is a need for advanced visualizations and visual analytics tools for
making sense of these data and making operational decisions. This program solicits research
to develop techniques for deriving and visualizing insights from large scale and/or complex
simulation, experimental, or observational data or combinations of these as relevant to SC
and DOE priority applications: Visual analysis of high-dimensional data at scale, data from
multiple sources and of varying types, attributes such as uncertainty, and data in the context
of domain-specific knowledge; and Visual analytic approaches to understanding artificial
intelligence/machine learning outcomes or the state and behavior of a supercomputing
system at scale. This program also solicits techniques and tools for advancing findable,
accessible, interoperable reusable (FAIR) data practices of management, archiving, curation,
and/or reuse, of data generated by experimental, observational, and simulation relevant to SC
mission areas. Additional areas of interest include combining of data streaming and cloud
storage uses for SC infrastructure as well as visualization needs at the edge for SC
experimental facilities.

e In Situ Data Management (ISDM):
Scientific computing will increasingly incorporate a number of different tasks that need to be
managed along with the main simulation or experimental tasks—for example, ensemble
analysis, data-driven science, artificial intelligence, machine learning, surrogate modeling,
and graph analytics. Many of these tasks will need to execute concurrently, that is, in situ,
with simulations and experiments sharing the same computing resources.

ISDM capabilities can enable scientific discovery from a broad range of data sources—i.e.
HPC simulations, experiments, scientific instruments, and sensor networks—over a wide
scale of computing platforms: leadership-class HPC, clusters, clouds, workstations, and
embedded devices at the edge. ISDM capabilities can also manage large data volumes from
computations and experiments to minimize data movement, save storage space, and boost
resource efficiency—often while simultaneously increasing scientific precision.

This program solicits research to advance ISDM capabilities to run on computing platforms
at a variety of scales; to be automated and controllable; to be more interoperable and
composable; and to use provenance and metadata for transparent results. This program also
solicits co-designed research activities for ISDM as well as new in situ algorithms.



Storage Systems and 1/O:

The success of the DOE computational, experimental, and observational sciences is
inextricably tied to the usability, performance, and reliability of emerging storage systems
and input/output (SSIO) technologies. SSIO technologies involve the organization,
movement, placement, and efficient retrieval of data to enhance computation and discovery.
This program solicits research to improve SSIO capabilities that enable science
understandability and reproducibility; accelerate scientific discovery; enhance SSIO
usability, performance, and resilience; and improve efficiency and integrity of data
movement and storage. One particular focus of this program is to improve pipelines for
analysis-centric, data intensive workflows on high performance computing (HPC) systems,
and that use large-scale storage.

Programming Models, Environments, and Portability:

Innovative programming models for developing applications on next-generation platforms,
exploiting unprecedented parallelism, heterogeneity of memory systems (e.g. Non-Uniform
Memory Access [NUMA], non-coherent shared memory, high-bandwidth memory [HBM],
scratchpads, and heterogeneity of processing (e.g., Graphics Processing Units [GPUs], Field-
Programmable Gate Arrays [FPGAs], Coarse-Grained Reconfigurable Architectures
[CGRAS], other types of accelerators, big-small cores, processing in memory, and near
memory, etc.), with particular emphasis on making it easier to program at scale. Basic
research on programming tools for all phases of the software-development cycle are relevant,
including but not limited to, design, implementation, verification, optimization, and
integration.. Particularly welcome are methods that infuse artificial intelligence/machine
learning into the programming environment.

Operating and Runtime Systems:

System software that provides intelligent, adaptive resource management and support for
highly-parallel software and workflow-management systems, and that facilitates effective and
efficient use of heterogeneous computing technologies, including diverse execution models,
processors, accelerators, memory, and storage systems. Target workloads include modeling
and simulation, data analysis, and the processing of large-scale, streaming data from
experiments.

Performance Portability and Co-design:

Methods that support performance portability, which provides the ability to efficiently use
diverse kinds of hardware platforms with minimal changes to the application source code,
and/or hardware/software co-design, which is a method for designing and/or adapting both
hardware and software design as part of a holistic process. These methods include automated
and semi-automated refinements from high-level specification of an application and/or
hardware design to low-level code, optimized when compiled and/or, for software, at
runtime, to different HPC platforms. The focus is on enabling performance portability of,
and/or the design of future hardware for, applications developed for extreme-scale computing
and beyond.

Distributed Scheduling and Resource Management:
As scientific-computing resources are being called upon to support a wide variety of
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workloads, including those that tightly integrate large-scale and ensemble simulation and
data-analysis workflows with experimental data collection and control, the algorithms and
implementations matching computational requirements to resources need to scale to handle
more tasks, more resources, and more-widely-distributed resources. Specifically sought are
methods for decentralized, resilient, secure resource management, scheduling, and coupled
data transfer across widely-distributed computing facilities; and modeling of such distributed
systems.

This program also supports:

e Participation in International Standardization:
Scientific computing relies on robust adoption of Voluntary Consensus Standards' (VCSs)
that are applicable to state-of-the-art computing technologies. Notably, most applications
running at the ASCR user facilities depend on some combination of standardized
programming languages and application-programming interfaces (APIs), and DOE
contributes to many of them, including, but not limited to, the Message Passing Interface
(MP]), C, C++, Fortran, OpenMP, and SY CL. Moreover, standardization is an important
enabler of knowledge transfer from research to industry. Similarly, the characterization of
computing hardware relies on benchmarks established through a VCS process, and these
benchmarks drive industry decisions affecting what capabilities ASCR user facilities can
provide. Such benchmarks include, but are not limited to, SPEC CPU/ACCEL and MLPerf.
VCSs and benchmarks relevant to data, artificial intelligence and machine learning, quantum
computing, software, and hardware interfaces are all in scope.

The development of standards relies on robust participation from a broad spectrum of
stakeholders, and the program supports maintaining and broadening participation in
standards development. Standards development benefits from the participation of laboratory
and university researchers in addition to experts from businesses of all sizes. Funding may
support training on standards development and leadership, travel to relevant meetings, the
hosting of relevant meetings, the development of proposals for, and associated prototypes of,
new standardized functionalities, and any Standards Development Activity?. Particularly
welcome are activities supporting US leadership in standards development and activities
including a specific focus on broadening participation from experts from traditionally
underrepresented groups, academic institutions, small businesses, and others who may face
higher participation barriers.

1 Voluntary Consensus Standards are “Standards [that] are developed through a process that is open to participation
by representatives of all interested parties, transparent, consensus-based, and subject to due process. These might be
developed by governmental organization or private sector groups such as the American Society for Testing and
Materials (ASTM) or the International Organization for Standardization (ISO).” See
https://www.directives.doe.gov/terms_definitions/voluntary-consensus-standard; for additional discussion, see
Office of Management and Budget Circular Number A-119, https://www.nist.gov/system/files/revised circular a-

119 as_of 01-22-2016.pdf

2 Standards Development Activity is defined in 15 USC § 4301(a)(7). See
https://www.govinfo.gov/app/details/USCODE-2015-title1 5/USCODE-201 5-title15-chap69-sec4301/summary
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Activities Supporting Career Development, and Broadening Participation, in
Computer-Science Research:

Computer science research depends on a healthy, diverse community of computer-science
researchers. Professional networking, mentorship, and associated training activities targeting
students and early-career researchers support the health and diversity of the research
community. Particularly welcome are activities including a specific focus on outreach to
members of groups that are underrepresented in computer-science research.

Topics that are out of scope for Computer Science include:

Applications that address topics not covered in the list of Computer Science Priority
Interests, above, except with the specific encouragement of a Computer Science program
manager in response to an emailed white paper;

Applications with primary emphasis on resilient solvers, and/or new development of machine
probabilistic methods and their mathematical formalisms;

Applications aimed at advancing computer-supported collaboration, social computing, and
generalized research in human-computer interaction;

Discipline-specific data analytics and informatics without a clear articulation of how the
research will generalize to other disciplines and/or advance computer science capabilities;
Research focused on the World Wide Web, the dark web, and/or data about it;

Research that is primarily to advance cloud computing, hand-held, portable, desktop, and/or
embedded computing that is not applicable to ASCR-supported computational and data
science environments; and

Research and applications not motivated and justified in the context of current and future SC
user facilities, especially those supported by ASCR (i.e., Argonne Leadership Computing
Facility or ALCF, Oak Ridge Leadership Computing Facility or OLCF, and National Energy
Research Scientific Computing Center or NERSC): https://science.osti.gov/ascr/Facilities.

Submission of preliminary research descriptions (e.g., pre-proposals, pre-applications) is
strongly encouraged. They will be reviewed for responsiveness of the proposed work to the
research topics. You must send email to a Subprogram Contact for information regarding format
and content.

Subprogram Contacts:

Margaret R. Lentz, Margaret.lentz@science.doe.gov, Data management, analysis and
visualization; In-Situ Data Management (ISDM);

Hal Finkel, Hal.Finkel@science.doe.gov, Storage Systems and I/O (SSIO); programming
models, environments, and portability; operating and runtime systems; performance
portability and co-design; distributed scheduling and resource management;

Hal Finkel, Hal.Finkel@science.doe.gov, and Margaret Lentz,
Margaret.Lentz@science.doe,gov, Participation in international standardization and activities
supporting career development, and broadening participation, in computer-science research.

Website: https://science.osti.gov/ascr/Research/Computer-Science;
https://science.osti.gov/ascr/Community-Resources/Program-Documents
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(¢) Computational Partnerships

This subprogram supports computational research that will advance partnerships with SC,
National Nuclear Security Administration (NNSA), other DOE programs, and the National
Cancer Institute (NCI).

This includes research in pioneering science applications for the next generation of high-
performance computing and research that incorporates and integrates applied mathematics,
computer science, and computational sciences, to enable scientists to exploit effectively extreme
scale computers in their pursuit of transformational scientific discovery through simulation and
modeling.

For examples of SciDAC partnerships, refer to the website https://www.scidac.gov.

For examples of extreme scale computing systems, refer to the website:
https://science.osti.gov/ascr/Facilities/Accessing-ASCR-Facilities

Additionally, this subprogram supports basic research to enable scientists to easily find and
interact with unique scientific facilities and data, and to work with peers or facilities staff
involved in a scientific discovery process. Research topics of interest include:

e Theories, algorithms, tools, and services needed to create diverse computing environments
where multiple resources can be combined in unique ways to suit the needs of an individual
science community,

e Mechanisms and theories to enable scientists to interact with their peers and technical staff
that operate a distributed scientific facility,

e Tools and services needed to support physical experiments in testbeds and production
networks, and

e Advanced modeling and simulation methods and capabilities that can accurately predict and
reliably validate the suitability and performance characteristics of large globally distributed
infrastructures and workflows.

This subprogram also provides graduate research training for the next generation of scientists.

Subprogram Contacts:

e Randall Laviolette, Randall.Laviolette@science.doe.gov, SciDAC Partnerships;

e (Ceren Susut, Ceren.Susut-Bennett@science.doe.gov, SciDAC Institutes;

e Richard Carlson, Richard.Carlson@science.doe.gov, Partnerships that enable scientists to
easily find and interact with unique scientific facilities; and

e Christine Chalk, Christine.Chalk@science.doe.gov, Graduate research training.

Website: https://science.osti.gov/ascr/Research/scidac

(d) Advanced Computing Technologies (ACT)

This activity supports quantum computing and networking efforts and Research and Evaluation
Prototypes (REP). The Research and Evaluation Prototypes (REP) activity addresses the
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challenges of next generation computing systems. By actively partnering with the research
community, including industry and Federal agencies, on the development of technologies that
enable next-generation machines, ASCR ensures that commercially available architectures serve
the needs of the scientific community. The REP activity also prepares researchers to effectively
use future generation of scientific computers, including novel technologies, and seeks to reduce
risk for future major procurements.

Research topics currently of interest for ACT include:

Research focused on information processing and computation systems for emerging
computing technologies including hardware architectures, accelerators, development of
programming environments, languages, libraries, compilers, simulators, and research and
development on their algorithms for physical simulation;
Cybersecurity for scientific computing integrity: research on security techniques appropriate
for open scientific environments, with a focus on ensuring scientific integrity in the context
of extreme scale high performance computing and other SC Scientific User facilities to
deliver means that assure trustworthiness within open high-end networking and data centers;
Machine Learning: Scalable software, methods, and techniques that ensure algorithm
scalability to extreme scales and applications that are generalizable to scientific computing
applications and operation of HPC systems.
Neuromorphic Computing: Specific to HPC-enabled modeling and simulation of computing
architecture at extreme scales for generalizable applications of the proposed approach.
Advanced Wireless for Science focusing is on communications that cover higher frequencies,
THz, of 5G+ or WiFi6+ and software defined capabilities. The expanding national rollout of
advanced wireless networks is creating opportunities for scientific applications;
Microelectronics for Scientific Computing: For continued advances in computing
technologies, a fundamental rethinking is needed of the science behind computing processor
synthesis, placement, architectures, and algorithms. No longer can the approach be modular
and linear, as it has been in the past. Rather, these advances must be developed collectively,
in a spirit of co-design, where each scientific discipline informs and engages the other to
achieve orders of magnitude improvements in system-level performance.
Research to evaluate the suitability of specific quantum computing hardware architectures for
science applications, including resource estimates for quantum computing applications of
interest to SC;
Theoretical methods and software tools to:

o Assess the performance of real-world quantum processors

o Facilitate device-specific optimization of individual operations ranging from state-

preparation and measurement through gate implementation and compilation
o Suppress noise, mitigate crosstalk, control errors, and maintain optimally high-fidelity
operations in the absence of formal error correction; and

Adaptation of promising new quantum computing technologies for testbed use.

Proposed research should focus on applications of quantum computing relevant to the SC and on
devices that are already available or that become available during the term of the award rather
than large-scale, high-fidelity, fault-tolerant machines.
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Topics that are out of scope include:

e Research that does not address the specific ACT topics described above;

e Development of quantum algorithms;

e Development of new candidate qubit systems or improvements to physical qubits;
e Development of integrated circuits for quantum computing;

e Quantum transduction;

¢ Quantum communication, networking, and key distribution;

e Cryptography and cryptanalysis;

e Error correction codes and implementation of error correction codes;

e Research solely relevant to large-scale, high-fidelity, fault-tolerant machines; and
e Projects that are duplicative of or competitive with industry.

Submission of preliminary research descriptions (e.g., pre-proposals, pre-applications) is
strongly encouraged. They will be reviewed for responsiveness of the proposed work to the
research topics. You must send email to a Subprogram Contact for information regarding format
and content.

Subprogram Contacts:

e Robinson Pino, Robinson.Pino@science.doe.gov, microelectronics, neuromorphic and
heterogeneous computing architectures, advanced wireless, machine learning, and
cybersecurity; and

e C(Claire Cramer, Claire.Cramer(@science.doe.gov, quantum computing research and evaluation

prototypes.
Website: https://science.osti.gov/ascr/

2. Basic Energy Sciences (BES)
Program Website: https://science.osti.gov/bes/

The mission of the Basic Energy Sciences (BES) program is to support fundamental research to
understand, predict, and ultimately control matter and energy at the electronic, atomic, and
molecular levels. BES research provides the foundations to develop new energy technologies, to
mitigate the environmental impacts of energy generation/use, and to support DOE missions in
energy, environment, and national security. The portfolio supports work in the natural sciences
by emphasizing fundamental research in materials sciences, chemistry, geosciences, and
biosciences. BES-supported scientific user facilities provide specialized instrumentation and
expertise that enable scientists to carry out experiments not possible at individual laboratories.

New research directions and priority opportunities are defined in BES workshop and roundtable
reports. These are posted on the BES website at https://science.osti.gov/bes/Community-
Resources/Reports.

Proposed research must be responsive to a supported topic in one of the core research areas listed
below. Overarching research priorities for BES that are relevant to multiple core research areas
are described in the bulleted list below. The individual program descriptions further define
research directions relevant to these priorities.
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e Fundamental Science to Enable Clean Energy: Research to provide understanding and
scientific foundations for clean energy, including direct air capture of carbon dioxide;
hydrogen production, storage, and use; solar energy conversion to electricity and fuels; and
electrical and thermal energy storage.

e Critical Materials/Minerals: Research to understand the fundamental properties of rare
earth and platinum group elements to improve separation and extraction processes and to
enable discovery and design of alternates to critical materials that will reduce or eliminate
their need.

e Fundamental Science to Transform Low-Carbon Manufacturing: Research to understand
fundamental chemical and materials processes for low-carbon, circular, clean, and scalable
synthesis and processing; to advance transformational operando characterization and
multiscale models and tools; and to co-design materials, processes, and products for
functionality and use. Includes polymer upcycling, research to provide the foundational
knowledge for the selective deconstruction of the polymers that constitute plastics, followed
by reassembly into high-value chemicals, fuels, or materials in a repeating cycle.

o Artificial Intelligence and Machine Learning (AI/ML): Research to advance the
approaches and use of data science and AI/ML to accelerate fundamental research for the
discovery of new chemical mechanisms and material systems with exceptional properties and
function, and to apply these techniques for effective user facility operations and
interpretation of massive data sets.

¢  Quantum Information Science (QIS): Research to advance understanding of quantum
phenomena in systems that could be used for quantum information science, and the use of
quantum computing in chemical and materials sciences research.

The BES divisions, program areas, and their objectives follow:
Materials Sciences and Engineering

The Materials Sciences and Engineering (MSE) Division supports fundamental experimental and
theoretical research to provide the knowledge base for the discovery and design of new materials
with novel structures, functions, and properties. This knowledge serves as a basis for the
development of new materials for the efficient generation, storage, and use of energy and for
mitigation of the environmental impacts of energy use. The MSE research portfolio consists of
the research program areas listed below.

MSE Division Website: https://science.osti.gov/bes/mse

(a) Materials Chemistry

This program supports hypothesis-driven research on materials with a focus on the role of
chemical reactivity, chemical transformation, and chemical dynamics on the material
composition, structure, function, and lifetime across the range of length scales from atomic to
mesoscopic. Discovery of the mechanistic detail for chemical synthesis, transformations and
dynamics of materials, fundamental understanding of structure-property relationships of
functional materials, and utilization of chemistry to control interfacial properties and interactions
between materials are common themes.
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Major scientific areas of interest include: (1) Fundamental aspects of chemical synthesis,
including covalent and non-covalent assembly of materials; (2) Synthesis and characterization of
new classes of materials including hierarchical materials or other innovative assemblies of matter
with novel functionality; (3) Exploitation of extreme conditions, complex chemistries and
molecules, or non-equilibrium conditions to accelerate new materials discovery; (4) Control of
interphase chemistry and morphology; (5) Fundamental electrochemistry of solid-state materials;
(6) Chemical dynamics and transformations of functional materials in operational environments;
and (7) Development of new tools and techniques for the elucidation of chemical processes in
materials, particularly in situ or operando studies of materials in energy-relevant applications.

Specific topics of interest are aligned with recent BES roundtable and workshop reports and
include chemical “upcycling” of polymers, fundamental investigations of rare earth compounds
and other critical materials, discovery of materials with the potential to enable the future
development of advanced quantum information systems, and new approaches to materials
discovery using data-driven science such as AI/ML, with emphasis on materials that underpin
clean energy technologies and low-carbon manufacturing.

Research will not be supported if it is primarily aimed at optimization of properties of materials
for applications, optimization of synthetic methods (including non-science-based scale-up
research), device fabrication and testing, or synthesis of small molecules or nanoparticles.
Applications focused on the elucidation of mechanisms of catalytic reactions, particularly with
single-site or single-atom catalysts, will not be supported.

Subprogram Contacts:

e Michael Sennett, michael.sennett@science.doe.gov; and

e Craig Henderson, craig.henderson@science.doe.gov

Website: https://science.osti.gov/bes/mse/Research-Areas/Materials-Chemistry

(b) Biomolecular Materials

This activity supports fundamental materials science research for discovery, design and synthesis
of functional materials and complex structures based on principles and concepts of biology.
Biology provides a blueprint for organizing and manipulating matter, energy, entropy, and
information across multiple length scales to build material systems that display complex yet
well-coordinated collective behavior. The major programmatic direction is on the science-driven
creation of materials and multiscale systems that exhibit well-coordinated functionality and
information content approaching that of biological materials but capable of functioning under
harsher, non-biological environments. This research activity seeks innovative fundamental
science approaches for co-design and scalable synthesis of materials for clean energy and
quantum information science that coherently and actively manage multiple complex and
simultaneous functions and tolerate abuse. An area of emphasis will be activities to understand
and control assembly mechanisms to seamlessly integrate capabilities developed for one length
scale across multiple length scales as the material is constructed. Included is development of
predictive models and AI/ML for data-driven science that accelerate materials discovery and
support fundamental science to direct clean, energy efficient scalable synthesis with real-time
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adaptive control.

Major scientific areas of interest are: self, directed, and dissipative assembly to form resilient
materials with self-regulating capabilities such as reconfiguration of morphology and function,
autonomous self-healing and growth processes, control of active matter, and non-equilibrium
information and signaling processing; management of precise functional group positioning and
component interactions across multiple time and length scales; and design and creation of next-
generation materials that incorporate low-energy mechanisms for programmable selectivity and
active management of energy and fluid transport.

The program will not support projects that do not have a clear focus on fundamental materials
science or are aimed at optimization of materials properties for any applications, device
fabrication, sensor development, tissue engineering, understanding of underlying biological
synthetic or assembly processes, biological research, or biomedical research.

Subprogram Contact:

e Michael Markowitz, mike.markowitz@science.doe.gov
Website: https://science.osti.gov/bes/mse/Research-Areas/Biomolecular-Materials

(c) Synthesis and Processing Science

This program supports research to understand the physical phenomena and unifying principles
that underpin materials synthesis and processing for clean energy across multiple length scales.
Some of these phenomena include diffusion, nucleation, and phase transitions and the role
imperfections and interfaces play in the emergence of materials functionality. The emphasis is on
hypothesis-based research that enables discovery of new materials, including quantum materials,
with targeted composition, structure and function. New crystal growth methods and thin-film
deposition techniques are needed to create complex materials, including new states of matter or
discoveries under non-equilibrium conditions and through (multi-) scale and external
interactions.

Applications that focus on creative coupling of physical synthesis/processing techniques with
computational/theory approaches, including AI/ML for data-driven science, and/or real-time
diagnostic tools and characterization techniques to provide information on the dynamic
progression of structure and composition, and enable atomic level control during synthesis are
encouraged. The program emphasizes innovative research to understand materials growth
kinetics and mechanisms, especially as they relate to the science of advanced low-carbon
manufacturing processes, organic and inorganic film deposition with controlled defects, and the
organization of multifaceted mesoscopic hierarchical assemblies. An emerging area is research
that examines how structure affects the electron/magnetic transport and how the transport
influences structure. Novel hypothesis-based science for synthesis and processing approaches
that will provide understanding for reductions or substitutions of rare earth and critical materials
also is encouraged.

Projects aimed at controlling synthesis to direct optimization or engineering of properties will be
de-emphasized. In addition, research will not be supported that focuses primarily on engineering
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or optimization based on known processing or synthesis principles, device fabrication, or device
development.

Subprogram Contact:
e Tim Fitzsimmons (Acting), tim.fitzsimmons@science.doe.gov
Website: https://science.osti.gov/bes/mse/Research-Areas/Synthesis-and-Processing-Science

(d) Experimental Condensed Matter Physics

The Experimental Condensed Matter Physics program supports research that will advance our
fundamental understanding of the relationships between intrinsic electronic structure and
properties of complex materials. Research supported by the program focuses on systems whose
behavior derives from strong electron correlation, competing or coherent quantum interactions,
topology, and effects of interfaces, defects, spin-orbit coupling, and reduced dimensionality.
Scientific themes include charge, spin, and orbit degrees of freedom that result in phenomena
such as superconductivity, magnetism, and topological protection, and the interactions of these in
bulk and reduced-dimensional systems. The program supports synthesis and characterization of
new material systems required to explore the central scientific themes. This includes
development of novel experimental techniques enabling such research.

Growth areas include emergent quantum phenomena in topological materials, low-dimensional
materials, van der Waals materials, and materials with targeted clean energy-relevant and next-
generation quantum information and microelectronics functionality. Of particular interest are
phenomena associated with quantum phononic and magnonic transport; and moiré quantum
matter beyond 2D.

Areas of decreasing emphasis include heavy fermion (non-topological) superconductivity and
fractional quantum Hall physics. The program will not consider applications on cold atom
physics, conventional superconductivity, bulk semiconductor physics (e.g., Si, GaAs), device
development, and/or materials property optimization.

Subprogram Contact:
e Michael (Mick) Pechan, Michael.pechan@science.doe.gov
Website: https://science.osti.gov/bes/mse/Research-Areas/Experimental-Condensed-Matter-

Physics

(e) Theoretical Condensed Matter Physics

The Theoretical Condensed Matter Physics program supports research in quantum physics with
an emphasis on quantum materials, materials discovery and design, out-of-equilibrium quantum
dynamics, and fundamental research in materials related to energy technologies. Specific themes
include strong electron correlations; quantum phases of matter, including topological states,
magnetism, and superconductivity; multiferroic materials; and excited states phenomena and
photon science. Research spans from purely analytical to computational with an emphasis on
methods and technique development, as well as prediction and interpretation of novel quantum
phenomena. This includes data-driven materials science, as well as high throughput
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computations.

Growth areas focus on quantum materials and out-of-equilibrium quantum dynamics, including
unpredicted, emergent materials behavior, and use of quantum computing or QIS approaches for
condensed matter physics. Also highlighted is development and use of advanced computational
tools for condensed matter physics and materials science, including data analytics, ML and Al.

Areas of decreasing emphasis include conventional superconductivity, quantum phase
transitions, fractional quantum Hall effect, and wide bandgap semiconductors. Soft matter,
polymers, glasses, granular materials, cold atoms, classical transport and classical molecular
dynamics, and optimization of physical properties are not priorities.

Subprogram Contact:
e Matthias Graf, matthias.graf(@science.doe.gov
Website: https://science.osti.gov/bes/mse/Research-Areas/Theoretical-Condensed-Matter-

Physics

(f) Physical Behavior of Materials

This program supports basic research to advance understanding of fundamental processes that
take place in materials and in response to external stimuli, such as temperature, electromagnetic
fields, chemical dopants and disorder, the proximity effects of surfaces and interfaces, and strain.
The program emphasizes research on the structure-property relationships to physical behavior of
materials, such as the relationship of atomic structure and crystal defects leading to
semiconducting, superconducting, and magnetic properties, including novel diffusion and
transport phenomena. The research should seek to understand how materials generate, transmit,
and store clean energy. A detailed understanding of how a material’s behavior can be influenced
by the surroundings is critical to the understanding of photon generation and harvesting; spin,
charge and heat transport; and novel magnetic and magnetocaloric materials.

The areas targeted for increased emphasis include materials research to support future
microelectronics and light-matter interactions in the fields of excitonics, plasmonics, and the
coherent interactions of quantum states in materials relevant for quantum information science
(QIS). Growth areas include understanding of microscopic control in quantum materials, which
ultimately fulfills the promise of materials-by-design in systems such as superconductors and
quantum spin liquids, specifically with a focus to advance QIS.

Areas targeted for decreased emphasis in this program include conventional semiconductor
physics, and research focused on theory and modeling of defects in crystals and their influence
on the structural properties of materials (topics covered by the Mechanical Behavior and
Radiation Effects program).

Subprogram Contacts:

e Refik Kortan, refik kortan(@science.doe.gov and

e Athena Sefat, Athena.sefat@science.doe.gov

Website: https://science.osti.gov/bes/mse/Research-Areas/Physical-Behavior-of-Materials
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(g) Mechanical Behavior and Radiation Effects

This activity supports basic research to understand defects in materials and their effects on the
properties such as strength, structure, deformation, and failure. Defect formation, growth,
migration, and propagation are examined by coordinated experimental and modeling efforts over
a wide range of spatial and temporal scales as well as a range of environments and stimuli.
Topics include deformation of nanostructured materials, fundamentals of radiation damage,
corrosion/stress-corrosion cracking in conjunction with radiation or stress, and research that
would lead to microstructural design for tailored strength, radiation response, formability, and
fracture resistance in energy-relevant materials. In addition to traditional structural materials, this
program will also support research to understand deformation and failure mechanisms of other
materials used in energy systems (e.g., polymers, membranes, coating materials, electrodes).
Within these areas, research on topics such as driven systems, new materials and non-linear
cooperative phenomena (multiple inputs, e.g. radiation + stress + corrosion) are of interest. There
will be an increased emphasis in the program for research on understanding defect evolution in
materials in radiation environments. Applicants are encouraged to consider the priority research
directions in the reports from recent workshops including Basic Research Needs for Future
Nuclear Energy (available on the BES web site). Of particular interest are applications that take
advantage of advanced synthesis methods to create tailored structures in order to better isolate
mechanisms, high-performance computing and data science techniques, and advanced
characterization techniques such as neutron or x-ray scattering. These fundamental science efforts

should impact clean energy topics in general, and may also impact advanced manufacturing and
AI/ML.

Applications emphasizing high-strain-rate deformation or mechanics of materials (rather than
materials science) will not be considered responsive.

Subprogram Contact:

e John Vetrano, john.vetrano@science.doe.gov

Website: https://science.osti.gov/bes/mse/Research-Areas/Mechanical-Behavior-and-Radiation-
Effects

(h) X-Ray Scattering

This activity supports basic research on the fundamental interactions of photons with matter to
achieve an understanding of atomic, electronic, and magnetic structures and excitations and their
relationships to materials properties, including dynamics of quantum phenomena. The main
emphasis is on x-ray scattering, spectroscopy, and imaging research, primarily at major BES-
supported user facilities. Instrumentation development and experimental research in ultrafast
materials science, across the full electromagnetic spectrum, is an integral part of the portfolio.
This includes research aimed at manipulating and detecting ultrafast transient physical
phenomena in materials, especially at excitation levels consistent with quantum coherence and
controlled energy conversion and transport.

Advances in x-ray scattering and ultrafast sciences will continue to be driven by scientific
opportunities presented by improved source performance and optimized instrumentation,
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especially with the advent of improved synchrotron coherence and free electron laser sources.
The x-ray scattering activity will expand current capabilities at the DOE facilities by providing
support for independent external researchers who motivate and lead new instrumentation and
technique development at those facilities. For example, research is sought that will take
advantage of unprecedented levels of coherent brightness and of controlled timing structures at
upgraded light source facilities. New investments in ultrafast science will emphasize
development of novel ultrafast techniques and focus on research that uses radiation sources
associated with BES facilities and beamlines. New pump schemes to manipulate dynamic states
of quantum materials will be supported, especially those which can be adapted to XFEL and
UED probe environments. Additionally, new approaches to improve the collection, processing
and analysis of large data sets obtained with high repetition-rate pulsed sources or with fast
multi-mega-pixel detector arrays are encouraged under the cross-cutting emerging domain of
Data Sciences. Novel X-ray techniques are sought that enable detailed investigations of the
fundamental dynamic mechanisms of clean energy conversion systems and their active material
components.

The program will not support research considered “mature use” of existing x-ray or ultrafast
techniques. Typically, the emphasis on new techniques enables new access to inhomogeneous
and dynamic systems and therefore the program will de-emphasize steady-state research of bulk
and equilibrium systems.

Subprogram Contact:
e Lane Wilson, lane.wilson@science.doe.gov
Website: https://science.osti.gov/bes/mse/Research-Areas/X-Ray-Scattering

(i) Neutron Scattering

This activity supports basic research on the unique interactions of neutrons with matter to
achieve a fundamental understanding of atomic, electronic, and magnetic structures and their
relationship to macroscopic properties. This includes excitations of materials and the resulting
dynamic behavior of materials. The program will develop novel approaches that exploit the
unique aspects of neutron scattering to investigate emergent behavior in materials over a wide
range of length and time scales. The program has a focus on transformative research that
uniquely requires neutron scattering as a major tool. Investments from this program drive the
concomitant advancement of neutron scattering techniques and capabilities for materials
research. It will continue its stewardship in fostering growth of the U.S. neutron scattering
community by developing innovative, time-of-flight neutron scattering instrumentation concepts
and their effective utilization for materials research, primarily at the BES-supported user
facilities.

Topics emphasized in FY 2022 are novel applications of the state-of-the-art neutron scattering
techniques for fundamental research on materials that exhibit novel emergent phenomena or
unique properties that could be impactful for clean energy technologies. It will support
advancement of techniques for research on quantum and energy materials, collective behavior of
multi-component systems, emergent phenomena at the interfaces, and design principles for
polymer upcycling and polymer-based energy materials. Coupling among materials synthesis,
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neutron scattering measurements, AI/ML and data science approaches, and theory and
simulations is sought to provide a deeper understanding of materials structure and dynamics in
equilibrium and non-equilibrium conditions.

The program will not support research considered “mature use” of neutron scattering techniques
for materials research. It will de-emphasize applications with a focus on conventional and high-
temperature superconductivity.

Subprogram Contact:
e P. Thiyagarajan (Thiyaga), p.thivagarajan@science.doe.gov
Website: https://science.osti.gov/bes/mse/Research-Areas/Neutron-Scattering

(j) Electron and Scanning Probe Microscopies

This program supports basic research in materials sciences using advanced electron and scanning
probe microscopy and related spectroscopy techniques to understand the atomic, electronic, and
magnetic structures and properties of materials. This activity also supports the development of
new instrumentation concepts and quantitative techniques to advance materials characterizations
for energy applications. Supported advancements include ultrafast electron diffraction and
imaging techniques. The goal is to develop a fundamental understanding of materials, including
quantum phenomena, through advanced microscopy, spectroscopy, and the associated theoretical
tools.

This activity emphasizes innovative research using electron and scanning probe microscopy
techniques for groundbreaking science. These include understanding and controlling nano- or
meso-scale inhomogeneity and investigations of the interplay among the quantum observables
(e.g., charge, spin) that produce unique quantum effects. Research topics include imaging the
functionality of materials and investigation of electronic structure, spin dynamics, magnetism,
phase transitions, transport properties from atomistic to mesoscopic length scales, and data
science methods in microscopy and data analysis, including machine learning and artificial
intelligence. Progress in quantum research requires development of innovative techniques and
probes that harness quantum behavior in their characterization schema, as well as the utilization
of imaging and spectroscopic techniques for the understanding and control of quantum
phenomena. Advanced in situ analysis capabilities for the study of time-dependent phenomena,
including dynamics of quantum materials using ultrafast techniques, is also an area of interest in
the program.

The program will not support research considered to be “mature use” of microscopy techniques
or device development. Electron and scanning probe efforts, including technique development,
that is proposed without associated scientific goals or is motivated primarily by support of other
funded research will not be considered. Research focused on conventional superconductivity will
be de-emphasized.

Subprogram Contact:
e Jane Zhu, jane.zhu@science.doe.gov
Website: https://science.osti.gov/bes/mse/Research-Areas/Electron-and-Scanning-Probe-
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Microscopies

Chemical Sciences, Geosciences, and Biosciences

The Chemical Sciences, Geosciences, and Biosciences (CSGB) Division supports experimental,
theoretical, and computational research to provide fundamental understanding of chemical
transformations and energy flow in systems relevant to DOE missions. This knowledge serves as
a basis for the development of new processes for the generation, storage, and use of energy and
for mitigation of the environmental impacts of energy use.

Five synergistic, fundamental research themes are at the intersection of multiple CSGB research
focus areas: Ultrafast Chemistry develops and applies approaches to probe the dynamics of
electrons that control chemical bonding and reactivity, to understand energy flow underlying
energy conversions, and to elucidate structural dynamics in chemical transformations. Chemistry
at Complex Interfaces addresses the challenge of uncovering emergent chemical phenomena at
dynamic interfaces with structural and functional heterogeneity. Charge Transport and
Reactivity elucidates the contributions of charge dynamics to energy flow and its coupling to
reactions. Reaction Pathways in Diverse Environments discovers the influence of
nonequilibrium, heterogeneous, nanoscale environments on complex reaction mechanisms.
Chemistry in Aqueous Environments addresses the unique properties of water in extreme
environments and the role aqueous systems play in energy and chemical conversions. Priority
will be given to applications in the CSGB research focus areas listed below that address one or
more of these synergistic research themes.

CSGB Division Website: https://science.osti.gov/bes/csgb/

(k) Atomic, Molecular, and Optical Sciences (AMOS)

The DOE AMOS program is focused on fundamental, hypothesis-driven research in ultrafast
chemical sciences. The program supports basic experimental and theoretical research aimed at
understanding the structural and dynamical properties of atomic and molecular systems. The
research targets fundamental interactions of photons and electrons with atomic and molecular
systems to characterize and control their behavior. The program aims to develop accurate
quantum mechanical descriptions of ultrafast dynamical processes, such as charge migration and
transfer, chemical bond breaking and forming, and interactions in strong fields, where electron-
electron and electron-nuclei correlations are important. Topics of interest include the
development and use of novel, ultrafast probes of matter; the interactions of atoms and molecules
with intense electromagnetic fields; and control of quantum coherence/decoherence and
entanglement in molecular systems.

The AMOS activity will continue to support science that advances DOE and BES mission
priorities, including research that contributes to the BES priority on Clean Energy by developing
a fundamental understanding of excitation dynamics and charge transfer relevant to the initial
steps in clean solar energy conversion. The AMOS program will continue to have a prominent
role at BES facilities in understanding and controlling the interaction of intense, ultrafast x-ray
pulses with matter. Key targets for greater investment include attosecond science, ultrafast x-ray
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science, and ultrafast electron diffraction from molecular systems. Closely related experimental
and theoretical efforts are encouraged. The AMOS program will consider applications that
contribute to the BES priority on Quantum Information Science by focusing on fundamental
research aimed to advance understanding and control of quantum coherence/decoherence and
entanglement in molecular systems. Projects involving technical development of sources or
instrumentation must include a well-integrated scientific research focus.

The program emphasizes ultrafast, strong-field, short-wavelength science, and studies of
correlated dynamics in atoms and molecules. Examples include ultrafast x-ray science at the
Linac Coherent Light Source (LCLS-II) and the use of high-harmonic generation or its variants
as soft x-ray sources for probing ultrafast dynamics. Applications of these light sources include
ultrafast imaging of chemical reactions, diffraction and harmonic generation from aligned
molecules, and inner-shell photoionization of atoms and molecules. The program encourages
research exploiting next-generation capabilities of x-ray free electron lasers and modern data
science approaches to provide new insights to electronic and molecular dynamics occurring on
the attosecond-to-femtosecond time scale and to reveal key intermediate states in chemical
reactions. Coherent control of nonlinear optical processes and tailoring of quantum mechanical
wave functions with lasers will continue to be of interest, particularly in molecular systems. The
program will continue to support the use of experimental and theoretical tools to advance the
understanding of low-energy electron-molecule interactions in the gas and condensed phases.

The AMOS program is not accepting applications in the areas of plasma physics, nanoscience,
bioscience, and science of ultracold systems.

Subprogram Contact:
e Thomas (Tom) Settersten, Thomas.settersten@science.doe.gov
Website: https://science.osti.gov/bes/csgb/research-areas/atomic-molecular-and-optical-science/

() Gas Phase Chemical Physics

This program supports research on fundamental gas-phase chemical processes that provide
understanding and scientific foundations for clean energy. Research in this program explores
chemical reactivity, kinetics, and dynamics in the gas phase at the level of electrons, atoms,
molecules, and nanoparticles. A continuing goal of this program is to understand energy flow
and reaction mechanisms in complex, nonequilibrium, gas-phase environments.

The major focus of research in this area is in five thrust areas (Light-Matter Interactions,
Chemical Reactivity, Gas-Particle Interconversion, Gas-Surface Chemical Physics and Ultrafast
Imaging/Spectroscopy). Light-Matter Interactions includes research in the development and
application of novel tools, such as molecular spectroscopy, for probing the nuclear and electronic
structure of gas-phase molecules to enable chemical and physical analysis of heterogeneous and
dynamic gas-phase environments and to understand the dynamic behavior of isolated molecules,
such as energy flow (e.g., relaxation of excited states), nuclear rearrangements, and loss of
coherence and entanglement. Applications are encouraged that develop automated methods based
on artificial intelligence and machine learning (AI/ML) methods to facilitate the analysis of
complex molecular spectra or seek to improve the understanding of quantum phenomena in
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systems that could be used for quantum information science. Chemical Reactivity comprises
research in chemical kinetics and mechanisms, chemical dynamics, collisional energy transfer,
and construction of, and calculations on, molecular potential energy surfaces to develop
fundamental insight into energy flow and chemical reactions important in clean energy processes.
Applications are encouraged that develop AI/ML methods for the construction of potential energy
surfaces and optimization of chemical kinetic mechanisms. Gas-Particle Interconversions
comprises research on the chemistry of small gas-phase particles, including their interactions
with gas-phase molecules and dynamic evolution to understand the molecular mechanisms of
formation, growth, and transformation (such as evaporation, phase transition, and reactive
processing) of small particles. Gas-Surface Chemical Physics retains a strong emphasis on
molecular-scale investigations of gas-phase chemical processes with the goal of gaining a better
understanding of the cooperative effects of coupling gas-phase chemistry with surface chemistry.
Ultrafast Imaging/Spectroscopy includes studies of the short timescale phenomena underlying
photochemical and photophysical processes, such as photodissociation, isomerization, and
nonadiabatic dynamics. Applications are encouraged that develop AI/ML methods for analyzing
ultrafast images/spectra or to provide insight into chemical systems associated with clean energy.

Other areas of recent increased emphasis include benchmarking theoretical calculations via
quantum state resolved experimental measurements of state-to-state chemical dynamics at
conditions where quantum effects are significant, investigating the effect of non-thermal initial
distributions on reaction dynamics, and understanding how complex reaction mechanisms
transform over large temperature and pressure ranges. The Gas Phase Chemical Physics program
does not support research in non-reacting fluid dynamics and spray dynamics, data-sharing
software development, end-use combustion device development, and characterization or
optimization of end-use combustion devices.

Subprogram Contact:
o Wade Sisk, wade.sisk@science.doe.gov
Website: https://science.osti.gov/bes/csgb/Research-Areas/Gas-Phase-Chemical-Physics

(m) Computational and Theoretical Chemistry

The Computational and Theoretical Chemistry program (CTC) supports fundamental research
for the development, improvement, and integration of new and existing theoretical and massively
parallel computational or data-driven strategies that enable the accurate and efficient prediction
or simulation of processes and mechanisms relevant to the BES mission. CTC research addresses
systems, processes and mechanisms that are so complex that efficient computational
implementation must be accomplished in concert with development of new theories and
algorithms. Areas of interest include the development of (i) spatial and temporal multiscale
methodologies that allow for time-dependent simulation of resonant, coherent and dissipative
processes as well as rare events; (ii) capabilities for simulation of light-matter interactions,
conversion of light to chemical energy or electricity, and the ability to model and control
externally driven electronic and spin-dependent processes in real environments; and (iii) modular
computational tools that enable or enhance interpretation and analysis of advanced experimental
measurements, such as those acquired at DOE user facilities.
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Applications to the CTC program must be tightly integrated with the research and goals of BES
and provide theories and computational approaches to advance the fundamental science of at
least one of the five overarching research priorities for BES in FY 2022 (see BES introduction).
Efforts aimed at enhancing the accuracy, precision, applicability, and scalability of time-
dependent quantum-mechanical simulation methods are encouraged. FY 2022 CTC research
priorities include:

e Novel non-classical or non-perturbative theories and approaches for the predictive simulation
and control of vibrationally-mediated chemical dynamics in non-equilibrium and/or field-
driven complex open systems.

e Practical and hierarchical theories and methods for the high fidelity simulation of nonlocal
chemical interactions and emergent phenomena occurring in complex molecular ensembles
and environments, including stochastic and correlated quantum chemical approaches for the
accurate simulation and prescriptive design of (i) emergent functionality, (ii) non-biological
autocatalytic cooperative reaction networks, such as those leading to directed molecular
assembly and/or replication processes, or (iii) correlated multi-electron and/or multi-photon
governed chemical transformation and energy transduction processes.

CTC does not support projects based exclusively on (i) the “mature use” of presently available
implementations of computational and theoretical chemistry methods and/or approaches, or (ii)
the development of phenomenological models and empirical parameterization of models.
Methods for, or applications to, systems that do not explicitly consider rearrangements of
quantum-mechanical degrees of freedom are not supported.

Subprogram Contact:
e Aaron Holder, aaron.holder@science.doe.gov
Website: https://science.osti.gov/bes/csgb/research-areas/computational-and-theoretical-

chem