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@ Genesis Mission

National Initiative for Science, Genesis is not a tool

. : : or program it is a national
National Security, and Innovation carabi o th A B DO UFES

scientific advantage over time

Mission Goal: Use atrtificial
Intelligence to dramatically accelerate
American scientific discovery and
strengthen U.S. economic and
national security leadership.
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WHAT IS HAPPENING RIGHT NOW

The Largest Marshaling of Federal
Scientific Resources Since Apollo

"We are going to act with an urgency that will feel deeply uncomfortalilet's act like our lives
depend on our execution (because they do)."

T Dario Gil, Under Secretary for Science & Genesis Mission Director

* Executive Order e National Scale o Urgency

Signed Nov 24, 2025 17 National Labs + industry

Lighthouse challenges
Presidential mandate + academia unified

being defined now
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National Institutes
of Health

17 National Laboratories | 40,000 Scientists & Engineers

government Al
infrastructure.

Infrastructure Context:
Amazon (AWS) committing
$50 Billion to expand
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The Strategic Ecosystem Architecture

The Genesis Mission:

National Security, Clean Energy, Scientific Leadership

Science Energy Security
Discovery & Production & Resilience &
Innovation Sustainability Deterrence
Theme: Theme: Theme:
From Quarks The Future Modernizing
to Cosmos of Power Deterrence
[ e
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The Al Research Agenda

7 Cross-Cutting Thrusts: Physics-Informed Al + Multi-Scale Integration
Control & Digital Twins « Trustworthy Al + Foundation Models + Knowledge Extraction




A Paradigm Shift: Closed-Loop Discovery

“It's Al for discovery, not automation.” — Department of Energy

Closed-Loop Al

Hypothesis Generation
Experimentation Platform

Al Agents reason across
vast datasets.

“An intelligent
network capable
of sensing,
simulating, and
understanding

nature at every

- . . )
Observation Simulation scale.
Real-world data . HPC models the
capture. Leam'ng experiment.
Results re-train the
Foundation Model.
Experimentation
Robotic labs execute the test.
—_— PROJECT: AMERICAN SCIENCE INITIATIVE | DOC. REV: 3.2 | DATE: OCT 26, 2023
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THE QUESTION GENESIS ASKS

If you had 200 dedicated people,
unlimited frontier Al and exascale computing,
and robotic experimentation at national scale

What 10year problem could you solve in 2?

This is the bar. Not a pilot. Not a study. A paradigm shift.

200+ M3 T+ 2417

Dedicated FLOPs of Tokens of Robotic
researchers compute scientific data laboratories



Over the past five months, has been running an experiment: building and
shipping an internal beta of a software product withines of manuallywritten code.

The product has internal daily users and external alpha testers. It ships, deploys,
ONBIF14a4X YR 3Sia8 FAESR® 2 Klt amliatiohlogicE S NS
tests, CI configuration, documentation, observability, and internal toolihgs been

written by Codex. We estimate that we built this in about 1/10th the time it would

have taken to write the code by hand.

Humans steer. Agents execute.

We intentionally chose this constraint so we would build what was necessary to
Increase engineering velocity by orders of magnitude. We had weeks to ship what
ended up being a million lines of code. To do that, we needed to understand what
OKlIy3Sa ¢gKSYy | a2Fdgl NS SYy3aAySSNAy3I GSI
but to design environments, specify intent, and build feedback loops that allow Codex
agents to do reliable work



The Strategic Imperative
Why DOE? Why Now?

The Opportunity

Current commercial Al excels at pattern matching and
language. The new frontier is Agentic and Physics-
Informed Al—systems capable of causal reasoning,
respecting conservation laws, and navigating multi-scale
dynamic systems.

The Unique DOE Asset
We possess the unique convergence required for this leap:

» World-class User Facilities (Equinox, Synchrotrons)
» Massive Proprietary Datasets (80+ years of nuclear data)
» Deep Domain Expertise

The Mission

To guide innovation through the ‘Valley of Death’'—bridging
the gap between scientific discovery and commercially viable
deployment in manufacturing, energy, and defense.

Extreme Scale
Compute

Experimental
Facilities

Lighthouse
Challenges

Scientific
Data



The Engine: Why Commercial Al Isn’t Enough

The Gap Between Generative Al and Scientific Al

I Commercial Al (Generative) DOE Scientific Al
1. Optimized for Plausibility * Optimized for Truth & Physical Consistency
. Data-Rich (Intemet Scale) . Data-Sparse (High-Cost Experiments)
 Pattern Matching (Statistical) » Causal Reasoning & Conservation Laws
. BlackBoxOperation | - Explainable & Auditable |,
* Hallucinations are Common * Must Handle Rare/Extreme Events

The Goal: Machines capable of Scientific Reasoning, Multi-Scale Integration,
and Trustworthy Operation in high-consequence environments.
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@ Genesis Mission

The National Science and
Technology Challenges

The National Challenges are high-impact
technical problemsaligned t o ur gent
priorities i where Al can dramatically accelerate
progress. They demand Al model, data,
computing, and automation capabilities unified in a
single solution platform. Expert teams develop
Innovative solutions while results strengthen and
extend the platform itself to tackle ever more
ambitious challenges.

LLNL-PRES-2016998
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Delivered by the National
Challenges team through the
platform
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Pillar |1 - Science: Unifying Physics & Discovery
From Human-Speed Hypothesis to AI-Speed Reasoning

4 ) 4
Unifying Physics Accelerators
Moving from pattern matching to physics reasoning. Predicting chaotic beam dynamics where small
Al that internalizes the Standard Model to integrate perturbations cascade into major problems.
results fro.m particle collisions, nuclear decays, and Al-driven digital twins enabling real-time optimization
cosmological surveys. of the 6-dimensional state of particle beams.
Key Focus: Foundation Model for the Cosmic Solution: Real-time optimization & self-updating
Frontier (HEP) > facilities. >

\_ JaR.

4 A ' 4
Quantum Systems Autonomous Labs
Controlling the delicate nature of quantum systems Shifting to self-driving laboratories by integrating
(computing, sensing, communication). robotics and edge Al.
Key Focus: Al for Quantum Systems Design (BES) Impact: Automating hypothesis generation and
to uncover causal relationships. > experimentation. >
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Pillar | - Science: Designing Reality
Materials, Biology, and The Shift to Inverse Design

The Core Shift: Inverse Design

Instead of trial-and-error, we tell the Al the properties we
want, and it identifies the material or molecule to build.

Materials Design

Developing physics-aware Al frameworks to bridge atomic
scales to macroscopic properties.

* Focus: "Al-Driven Materials Processing (BES)"”

The Bio-Revolution

Establishing genotype-phenotype relationships to design
biology on demand.

 Spotlight: “Biochemistry in Five Dimensions —
Incorporating energy and time into protein folding
models.”

» Spotlight: “Agentic Al-Driven Chemical Manufacturing”

o
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N Generative
Biochemistry

Water Security

Predicting water cycles by coupling fast (cloud) and slow
(groundwater) processes using Al surrogates.
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Pillar Il: Discovery Science

Understanding Nature from Quarks to Cosmos

/
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- MOLECULAR DYNAMICS

Seeing chemical and biological
processes in real-time.
Accelerating breakthroughs in
medicine and polymers.’|
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( PARTICLE PHYSICS )

Al as a reasoning partner to

probe dark matter, dark energy,

and fundamental laws.

"

~
QUANTUM COMPUTING

Using Al to generate and verify
new classes of quantum
algorithms. |
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Pillar Il - Energy: The Future
of Power Generation

Fusion Energy

Accelerating delivery via the Al-Fusion Digital Convergence
Platform (DCP). Integrating plasma, nuclear, and materials
behavior into a unified predictive framework.

Nuclear Energy
Goal: 2x schedule acceleration and >50% cost reduction.

Method: Autonomous design, licensing, and operation. Using
Al digital twins to interpret complex operational data in real-time.

.
1
e f
EF :
| g
-4
ok
as
ar
8
a8 -

Focus: Autonomous Research and Development to condense
50 years of irradiation data.

Subsurface Assets

Unleashing geothermal and hydrocarbon value by reasoning
under extreme uncertainty. Connecting molecular-scale
mechanisms to field-scale resource availability.

Digital Twin Visualization: Tokamak Reactor Core.
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Pillar Il - Energy: Infrastructure & Manufacturing
Resilience, Competitiveness, and The Grid

The Grid: Scaling to handle the Al data center load. Enabling 20-100x faster decision-making
with >10% reliability improvement. Focus: Grid Foundational Model.

\‘\\
///

R Manufacturing: Reimagining industrial productivity. Solving the ‘Valley of Death’ between
M discovery and deployment. Tool: ATHENA (Al-Toolkit for Holistic Economic Network Analysis).

Critical Minerals: Securing the supply chain via Al-driven resource mapping.
Pe'| Focus: Nature’s Path to Alternative Chemistries — Designing industrial catalysts that eliminate
the need for critical minerals entirely.

Buildings & Data Centers: Reimagining construction and operation.
De-risking advanced cooling and energy integration for extreme compute power.
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@ Genesis Mission

The American Science and
Security Platform

The platform supports Al-driven experimentation,
analysis, discovery, design, and manufacturing. It
unifies access to Al, computing resources,
scientific data, and automated facilities, allowing
application of unprecedented capabilities. It
delivers scientific self-improving feedback that will
accelerate R&D in the energy dominance,

discovery science, and national security pillars. Delivered by the

infrastructure, data, and
models teams
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@ Genesis Mission

The mission technical efforts are organized into five teams

National Challenges
Engages with projects
addressing higimpact
national challenges
such as energy security
and advanced
materialg that are
accelerated by the
platform. Serves as a
living portfolio that
evolves as goals and
technologies change.

Infrastructure
Provides hardware and
software foundations to
support largescale Al
training and inference,
data management, and
scalable agentic
workflows. Ensures
security of models, data,
and systems and
interoperability across
DOE facilities and
production agencies.

Data

Organizes, curates,
and prepares scientific
and engineering data
from experiments,
simulations, and

observations for Al use.

Ensures higlguality,
reliable data to
accelerate discovery
and problemsolving.

Models

Develops an Al
ecosystem of agents and
models that combines
frontier industry
capability with DOE
specific expertise to
discover and implement
novel solutions to the
nation's open science
and technology
challenges.

Partnerships

Builds collaborations
across government,
industry, and academia
to advance Al
innovation. Leverages
shared expertise and
resources to deliver
reakworld impact at
national scale.

i@i U.S. DEPARTMENT of ENERGY
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@ Genesis Mission

Each team provides a collection of subcomponents that interoperate
to enable new workflows

Infrastructure Data
Cloud
I Context
Prompt HPC

1

=)  Knowledge Agent Hypothesis Agent

Sim Setup Agent

Exp Design Agent

Analysis Agent

User r WA Analysis Code

Interface

Inv Design Agent Seltdriving Lab Age

Geometry Code
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CEE—— Sim code
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Analysis Agent
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Analysis code
Output /

Results
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<) Cloudserved LLM Frontier LLMs Onprem LLM

Models
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AmSC (The Cloud gcaffolding)

DOE HPC Compute (The Fuel)




The American Science Cloud (AmSC) Scaffolds the Genesis Mission

AmSC is a secure, federated, and science-optimized environment integrating
DOE’s world-leading computing, experimental facilities, and HPC networks.
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FAIR, Al-ready datasets < State-of-the-art models Extreme-scale
distributed across ~ || designed explicitly for || - training and inference
the DOE. | scientific discovery. capabilities.

Secure Infrastructure (Compute, Storage, Networking)
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