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@ Genesis Mission

Genesis Mission will develop an integrated platform that connects the world’s
best supercomputers, experimental facilities, Al systems, and unique datasets
across every major scientific domain to double the productivity and impact of
American research and innovation within a decade

A national initiative led by the Department of Energy and its 17 National
Laboratories to build the world’'s most powerful scientific platform to accelerate
discovery, strengthen national security, and drive energy innovation.

{% ! U.S. DEPARTMENT of ENERGY



https://genesis.energy.gov/
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Discovery sclence grand challenges

« Understanding the universe, from quarks to cosmos
- Seeing molecules In motion
- Discovering new quantum algorithms

- Discovering mission-ready materials
- Securing critical materials
* Accelerating advanced manufacturing
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Grand Challenges

Energy

Al will be used to accelerate
sustainable fusion power,
optimize advanced nuclear
reactor design and operation,
and enable a more intelligent
and resilient electrical grid.

Discovery Science

Al will be used to illuminate
molecular dynamics, unify
data to understand the
universe from quarks to
cosmos, and generate new
quantum algorithms.

Genesis Mission

National Security

Al will be used to secure
critical materials, accelerate
advanced manufacturing,
and discover mission-ready
materials for defense and
industry.
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Artificial Intelligence in HEP Supports the Genesis Mission

Activities that support and benefit from the Genesis Mission are the DOE HEP Al R&D priority
» Genesis Mission activities are anticipated to grow beyond this initial phase

DOE supported AI/ML R&D is expected to move towards larger impactful collaborative efforts

» Expectations for future DOE HEP supported Al R&D:
Use of and contribution to computing, data, and models of Genesis Mission
» Collaborative partnerships with relevant multi-disciplinary and HEP experts

Pursuit of quantifiable outcomes that confer an Al advantage to HEP relevant science
Including intermediate milestones that demonstrate progress towards project goals
Adhere to FAIR principles

HEP expects to maintain a balanced portfolio of blue-sky R&D and development that adapts
the best performing Al tools and methods for the HEP mission
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@ Genesis Mission

The Genesis Mission: Transforming Science and Energy with Al

Announcement DE-FOA-3612

» Requests applications from interdisciplinary teams addressing the Genesis Mission National Science and
Technology Challenges

« Templates for Phase | and Phase |l applications as well as Frequently Asked Questions are available.

Deadlines for submission:

For FY26 Phase | Applications: April 28, 2026, at 11:59 PM Eastern (grants.gov)
For FY26 Phase |l Letters of Intent: April 28, 2026, at 5 PM Eastern (PAMS)

For FY26 Phase |l Applications: May 19, 2026, at 11:59 PM Eastern (grants.gov)

For Phase Il Applications resulting from FY26 Phase | Awards: December 17, 2026, at 11:59 PM Eastern
(grants.gov)

DOE plans to hold an informational webinar about this RFA on Thursday, March 26, 2026 at 3pm
Eastern
« Reqistration instructions and other details are available here.
» To answer the HEP community’s questions about Computational, AI/ML, and Genesis Mission activities
the CompHEP PM will hold office hours every Wednesday from 11-12 ET

.S. DEPARTMENT of ENERGY



https://science.osti.gov/-/media/grants/pdf/foas/2026/DE-FOA-0003612.pdf
https://science.osti.gov/-/media/grants/pdf/foas/2026/DE-FOA-0003612.pdf
https://science.osti.gov/-/media/grants/pdf/foas/2026/DE-FOA-0003612.pdf
https://science.osti.gov/-/media/grants/pdf/foas/2026/DE-FOA-0003612.pdf
https://science.osti.gov/-/media/grants/pdf/foas/2026/DE-FOA-0003612.pdf
https://science.osti.gov/-/media/grants/excel/2026/Genesis-Mission-Phase-I-Application-Template.xlsx
https://science.osti.gov/-/media/grants/excel/2026/Genesis-Mission-Phase-II-LOI-Template.xlsx
https://science.osti.gov/-/media/grants/pdf/foas-resources/2026/Genesis-Mission-RFA-FAQs-20260317.pdf
https://science-doe.zoomgov.com/webinar/register/WN_cByyhWASR72Do7yIDpe3_g
https://science-doe.zoomgov.com/webinar/register/WN_cByyhWASR72Do7yIDpe3_g
https://science-doe.zoomgov.com/j/1617448878?pwd=MH7iPTGIHJg8KaCFPq1lbjQa9vzcAn.1
https://science-doe.zoomgov.com/j/1617448878?pwd=MH7iPTGIHJg8KaCFPq1lbjQa9vzcAn.1
https://science-doe.zoomgov.com/j/1617448878?pwd=MH7iPTGIHJg8KaCFPq1lbjQa9vzcAn.1
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HEP National Challenges and FY26 Focus Topics

7. Discovering Quantum Algorithms with Al
E. Quantum Advantage for Nuclear and Hadronic Systems (NP, HEP)
Use Al to determine the quantum computation advantage in nuclear and hadronic systems typically
described through lattice quantum chromodynamics. Enable solutions using quantum algorithms
that demand Al to tackle the challenges of chiral symmetry breaking, confinement, relativistic
kinematics, and infinite degrees of freedom.

8. Realizing Quantum Systems for Discovery
B. Al for Control of Quantum Systems (HEP, NP)
Implement Al-based methods in control systems to dramatically improve the real-time control of
practical quantum systems, including automating and optimizing calibration, tuning, noise
mitigation, error correction, and readout processes, providing accurate, practical, and scalable
quantum control to a wide variety of potential users.
C. Al for Quantum Imaging and Sensing (HEP, NP)
Integrate Al into multi-qubit quantum sensing applications for extreme sensitivity in both the
laboratory and field environments to enhance and optimize the design, fabrication, and operation of
sensors based on the quantum properties of superconductors, semiconductors, atoms, or other

physical substrates. %} U.S. DEPARTMENT of ENERGY




@ Genesis Mission

HEP National Challenges and FY26 Focus Topics

13. Enhancing Particle Accelerators for Discovery
A. Al-driven Accelerator Facilities (BES, HEP, IRP, NP)
Enable and deploy Al systems that provide real-time operational advice, automate control functions,
enhance beam stability, reduce beam tuning time, predict equipment failure, detect faults, and
optimize performance for both large and small-scale accelerator facilities currently operating or
under construction. Scope includes the development and deployment of high-fidelity Al-driven
"digital twins" of these particle accelerators to enable a sophisticated simulation and design
environment and Al systems that can mitigate cost and risk of accelerator facilities under
construction.
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@ Genesis Mission

HEP National Challenges and FY26 Focus Topics

14. Unifying Physics from Quarks to the Cosmos
A. Foundation Models of Particle Interactions and Cosmic Physics (HEP,NP)
Develop and curate the essential data of nuclear and particle experimental efforts, critical to train
foundation models of particle interactions and cosmology to accelerate new breakthroughs in our
understanding of the universe. Data and models may include the future Electron-lon Collider,
cosmic observations, underground and accelerator-based experiments as well as synthesizing
different modalities of data from across multiple large-scale sky surveys to understand nuclear
astrophysics, dark energy, dark matter, and the physics of the early Universe. Successful scope will
seamlessly span experimental and theoretical inputs across the pinch points of analysis pipelines
from detector-level through to final scientific artifacts, along with the output of advanced theoretical
calculations. Discovery science potential will be maximized by addressing such technical
challenges as sparse-data domains and real-time data acquisition of high-dimensional petabyte-
scale datasets with associated scalability challenges and interpreting the experimental signals using
theoretical knowledge.

U.S. DEPARTMENT of ENERGY
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@ Genesis Mission

HEP National Challenges and FY26 Focus Topics

14. Unifying Physics from Quarks to the Cosmos.
B. Al Accelerated DUNE Science (HEP)
Develop Al methods that significantly speed up and enhance the DUNE science program, reducing
the time needed for the collaboration to publish neutrino oscillation measurements, significantly
improving the sensitivity to neutrinos from core-collapse supernova, and developing new flagship
measurements that will enhance the DUNE science goals.
C. Expedited Discovery from High Complexity and Petabyte-scale Datasets (HEP, NP)
Partner domain expertise with data science and industry to develop Al methods and techniques
capable of drawing robust scientific insight from increasingly complex and/or petabyte-scale
datasets. Enable deeper insights by directly connecting datasets with theoretical parameters for
uncertainty-aware reasoning to leverage the high-dimensionality of particle physics datasets. Scope
will address the critical slowdown problem in Lattice QCD, automate big-data analysis, achieve new
levels of experimental precision and theoretical calculation, and significantly improve understanding
of the universe and particle interactions. Al-assisted design to maximize experimental sensitivity to
fundamental parameters of interest or that significantly reduces costs of proposed or current
projects and can be implemented in the next three to five years, is also of interest.
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@ Genesis Mission

HEP National Challenges and FY26 Focus Topics

9. Recentering Microelectronics in America
G. Microelectronics in Harsh Environments (HEP)
Integrate Al into the design and validation of robust devices and facilitate the efficient operation of
devices that process high data volumes in harsh environments where there is no possibility of
replacement or service.
J. Low-temperature Electronics for Sensors and Computation (ASCR, HEP)
Low-temperature (mK up to 120K) electronics, including cryogenic CMOS and superconducting
logic, promises efficient, high-speed, and low-cost computing to address Genesis Mission needs in
edge computing and Al accelerators, but bottlenecks in design, density, scaling, fabrication, and
integration have prevented practical realization of these benefits. Research proposals may focus on
EDA for superconducting digital logic, analog and digital superconducting electronics for sensors or
for classical control of quantum computers, superconducting neuromorphic, Al, and control circuits,
distributed superconducting computing architectures, or cryogenic CMOS.
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@ Genesis Mission

Infrastructure — American Science and Security Platform

The Genesis Mission’s Platform infrastructure, hosting and distributing Al models and scientific
data to the broader research community. The Platform will enable the National Labs, industry, and
research partners to curate and apply DOE’s extensive Al-ready scientific data.

Infrastructure Partners (IPs) — contribute to, use, and integrate resources and shape capabilities
to form the shared, integrated scientific and security platform

IPs ensure the Platform’s services and interfaces will meet the needs of the community

HEP IPs: BNL, SLAC, and FNAL computing services, LQCD, Scientific User-Facilities (SUF)

.S. DEPARTMENT of ENERGY
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@ Genesis Mission
Infrastructure Partner — Lattice QCD

Goal to develop a scalable interface for QCD phenomenology to ingrate global analyses for perturbative
and lattice QCD calculations in unified Al-enabled workflows

Lower the technical barrier to HPC usage, accelerate theory-data integration, and enable community-wide
access to advanced QCD capabilities for DUNE, EIC, and LHC missions

Developing a serve-based QCD theory framework for both Al-driven agentic and traditional
computational access across HPC and institutional clusters

Template computational workflows through unified MCP APIs for interoperability

Establish QCD Science Library for data and software storage to ensure efficiency and reproducibility
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@ Genesis Mission

Infrastructure Partner — Fermi Data
Platform

Goal to provide the Genesis Mission with scientific
data hosting, discovery, and access
» Connect models, curated datasets, and computing resources
Utilize Fermilab’s experience storing and serving exabyte-scale
datasets
« Store data with meaningful metadata catalog
« Utilize the Platform’s federated authorization and authentication
« Data accessible via ESNet network to HPCs and from experiments
» Integrate FDP interfaces with the Platform services and APls, to make
the data discoverable
An initial version is live
* Deployed 3 PB along with access interfaces
» Development focused on metadata cataloging and Platform authentication
» Hosting Office of Science datasets: AXESS, AOJ, Collide-1M, and LQCD
with more expected...
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@ Genesis Mission

Al-ready Data

Scientific datasets collected, curated, and documented
to be suitable for model training
Al models are as good as the data they are trained
on, and scientific expertise is essential to produce
the highest quality datasets and models

HEP sought lab-led collaborative proposals to develop
HEP Al-ready datasets and use them to accomplish the
HEP Mission
Supported three collaborative pilot projects for
Intelligent Data Activities (IDAs)

U.S. DEPARTMENT of ENERGY




@ Genesis Mission

HEP IDA Pilots

Al Universe — unites multiple national labs to build an integrated, Al-ready Cosmic Frontier
data repository and use foundation models to advance discovery of dark energy, dark matter,
and cosmic structure through multimodal astrophysical data analysis.

Knowledge Extraction — develop an HEP-focused framework for agentic Al that emphasizes
specialization and modularity, where reasoning models orchestrate HEP foundation models,
simulators, data sources, and analysis tools, with applications such as data resurrection and
investigations of dark matter physics serving to ground and demonstrate the approach.

TREASURE - develop tokenized, Al-ready datasets from collider experiments and
demonstrate cross-experiment foundation models that accelerate discovery in high-energy
physics.

U.S. DEPARTMENT of ENERGY
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@ Genesis Mission

Knowledge Extraction

HEP has valuable legacy datasets from past collaborations such as SLD e
* Resurrecting data maximizes DOE's investment and increases HEP'’s scientific output by allowing new theory and
analysis methods to re-interpretation of past results
Processing legacy data requires use of custom software written decades ago
 HEP provides a unique opportunity to verify Al-based scientific software maintenance
Use Gemini and Claude to convert legacy code from Java and Mortran to python and C++ to process SLD data
stored in Jazelle files T
» Utilized HEP expertise to verify code translation — SLD Resurrection Internal
* Process SLD data in the Jazelle files
* On going work to ingest physical documentation for improvement
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@ Genesis Mission

Al Model

Genesis Mission’s Al models and data efforts, will build and deploy self-improving Al models
that advance science, engineering, and energy missions by harnessing DOE’s unique data,

facilities, and expertise. Selected teams will develop foundational capabilities needed across
multiple scientific and engineering domains.

Create integrated Al technologies that reason within their domains, analyze and predict data,

enable autonomous experimentation, and build modular, multimodal architectures that make
data Al-ready for others

Data and Model Teams — 14 seedling model teams have been identified. Teams working on
high priority research and ready to take advantage of the tools being developed

 HEP Relevant seedlings: Microelectronics, Quarks to Cosmos, Multi-Office Accelerator Team
(MOAT)

.S. DEPARTMENT of ENERGY
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@ Genesis Mission

Data Quality Framework

Computer Science developed transformer model for anomaly detection (TranAD) originally trained
on open datasets such as Mars soil water content and taxi demand

» Further explored as part of R&D into data pre-processing schemes
Operationalized for HEP on data from the ATLAS High Level Trigger farm server status

« Development required expertise of model and experimental data
» Collaboration between lab and universities using ASCR leadership computing facilities

Once TranAD was trained for HEP data it was deployed to SPT-3G and g-2
» Minimal effort required, but SPT-3G use uncovers a limitation that TranAD can only handle ~100 channels

not the ~100k or 1M used on many HEP experiments
Now one externally developed transformer-based Anomaly Detection model is able to assist

in DQM tasks for experiments across three HEP frontiers
» HEP scientists working to improve that model’s capacity by 10-10,000x

Before: large anomaly score (green) in New: reduced anomaly score
aood data (where it should be small)1 . (green) in good data
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https://arxiv.org/abs/2201.07284
https://arxiv.org/abs/2405.07749
https://arxiv.org/abs/2405.07749
https://arxiv.org/abs/2405.07749
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Initial Collaborators

« Albemarle « Emerald Cloud Lab » MP Materials « Ramaco
 Amazon Web Services « EPRI  New York Creates « RTX

« AMD « Esri * Niron Magnets « Sambanova

« Anthropic « FutureHouse * Nokia « Scale Al
 Applied Materials  GE Aerospace  Nusano « Semiconductor
« Atomic Canyon « Google  NVIDIA Industry

« AVEVA - HPE  OLI Systems Association

« Cerebras  Hugging Face  OpenAl for Governmentes Siemens

« Chemspeed « |BM « Oracle « Synopsys

* Collins Aerospace  |SO New England + Phoenix Tailings  TdVib

« ComEd » Kitware  PMT Critical Metals  Tennessee Valley
« Cornelis Networks « LILA * Quantinuum Authority

« Critical Materials Recycling = Micron * Qubit « xLight

« Dell Technologies * Microsoft « RadiaSoft
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@ Genesis Mission

Addressing a Portfolio of Key National Challenges

Accelerating scientific
discovery through Al-driven
code development

Al driven co-design for
microelectronics

Al for efficient quantum
algorithms

Al for planning and operation
of the U.S. power grid

Al for transforming combustion
science and technology for
energy applications

Al for nuclear security and
non-proliferation

Q2C Science at Scale: From Quarks to Cosmos

The Autonomous Microelectronics Consortium

R Accelerating Microelectronics Codesign (MTv2-Microelectronics)
R MOAT: Multi-Office Accelerator Operations & Controls
PROMETHEUS: Autonomous Power Plant Design (APPD)
SYNAPS-I: Light and Neutron Imaging FM

GRID-UNI: Agentic Al Foundation for the U.S. Power Grid

R MAIQMag: Multimodal Al for Quantum Magnets

OPAL-OMAHA: Bio/Autonomous Labs

Fusion-FM: Foundational Model for Magnetic Confinement Fusion
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