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• The Space Community is using AI for space science and security applications and 
missions

• The Genesis Mission is a DOE-led National Initiative to transform science and 
national security with AI

• We are building The Platform, a unified data + HPC + manufacturing + ecosystem to 
accelerate discovery and design

• The broad Space Community is working together to get ready for Genesis Mission

AI + HPC will change science, technology and 
engineering

What kind of science could you do in the era of “Text-to-X”?

“DOE”: US Department of Energy “HPC”: High-Performance Computing
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Grassroots Space AI
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The “Text-to-X” AI Future of Space

A generatively designed mount for 
a high-altitude balloon payload.

 
R. McClelland, NASA Goddard 

Space Flight Center



2 Engineers:
2 days

4 Iterations
Performance

Manufacturing

1 Engineers + AI:
1 hour

>100 iterations
Lighter, 3x Stiffer, 10x Stronger

Manufacturing

Traditional Structure Evolved Structure

R. McClellan, NASA Goddard Space Flight Center
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R. McClellan, NASA Goddard Space Flight Center
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LLNL’s Generative Design for NASA CAPSTONE 02 
payload mass mock

CAPSTONE 02 optical payload CAPSTONE 02 mass mock

• To be printed of Ti-6Al-4V (𝜌 =
4.40 g/cm3)

• Mass within 1%
• CG components within 1 mm
• All inertia tensor components 

within 1% 
• Lowest resonant mode 𝑓0 =

1840 Hz 
Artist rendering of CAPSTONE 02 spacecraft

Computational domain
• Enforced interface
• Design volume

Livermore Design Optimization 
software used to design mass mock

• All mass requirements satisfied
• Lowest resonant mode 

maximized
• Material overhang minimized to 

enable powder bed fusion 
additive manufacturing

R. Fellini and K. Swartz
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9

R. McClellan, NASA Goddard Space Flight Center

“Davinci” by Celedon Systems
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• Critical features ground AI in truth
• Retrieval Augmented Generation (RAG)
• Agentic Tools

• Currently technology sufficiently mature for
• Coding
• Systems engineering

• Technical gaps that still needed to be addressed 
for engineering

• CAD integration, spatial reasoning
• Verification

• Organizational challenges for AI adoption
• capturing institutional knowledge (a big opportunity)
• unifying and coordinating AI efforts

Generative AI has the potential to lower costs and 
accelerate development, without compromising NASA’s 
strict technical standards.

R. Watkins et al, JPL
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• Critical features ground AI in truth
• Retrieval Augmented Generation (RAG)
• Agentic Tools

• Currently technology sufficiently mature for
• Coding
• Systems engineering

• Technical gaps that still needed to be addressed 
for engineering

• CAD integration, spatial reasoning
• Verification

• Organizational challenges for AI adoption
• capturing institutional knowledge (a big opportunity)
• unifying and coordinating AI efforts

Generative AI has the potential to lower costs and 
accelerate development, without compromising NASA’s 
strict technical standards.

R. Watkins et al, JPL
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The future of AI powered science and technology

The Genesis Mission
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Space AI: From grassroots to coordinated effort

AI generated content
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https://genesis.energy.gov

An Executive Order on November 24, 2025 launched the 
“Genesis Mission” to transform science and technology with AI.

A Dept. of Energy led National Initiative
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Initial Genesis Collaborators

Dept. of Energy National Laboratories

Robust Public-Private Partnerships 
will enable Genesis success
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• Industry brings …
• AI models, expertise & 

Cloud Infrastructure

•DOE brings …
• High Performance 

Computing (top 3 systems in 
the world)

• Experimental and 
Manufacturing capabilities

• Real truth data
• High-consequence missions 

and applications

A National Security Scientific AI Platform will 
accelerate innovation and production across missions

National Security AI Platform

Specialized 
Models

Unique
Data

Powerful 
Compute

Experiment & 
Manufacturing

HPCStrong 
Reasoning AI

Dynamic 
public/private 
partnerships

In
du

st
ry
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on

tr
ib

u
ti

on
s 

an
d

 c
o

-d
es

ig
n

Core capabilities that drive the platform

Existing D
O

E exp
ertise
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Genesis Mission Timeline
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Genesis Mission Timeline

Kickstarted with 26 initial 
DOE-focused challenges

• Unifying Physics from Quarks to the Cosmos 
• Realizing Quantum Systems for Discovery 
• Designing Materials with Predictable Functionality 
• Achieving AI-Driven Autonomous Laboratories 
• … plus 22 others …
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Genesis Mission Timeline

33 New National S&T Challenges set Strategic AI Priorities
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Aires Tide: An AI-Designed Flight Test Vehicle

NNSA’s First Genesis Mission Demonstration

AI-driven design optimization
Multiphysics simulation
Additive manufacturing
Test

Concept to build in under five months
15x cheaper
7x faster

Photo: Aires Tide test, May 2026, Craig Fritz/Sandia
A collaboration between LLNL, LANL, SNL, Kansas City National Security Campus
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The space community is teaming on Genesis

America has invested for generations in the data, 
missions, and technical expertise that make NASA one of 
the world’s greatest engines of discovery. The Genesis 
Mission is an opportunity to turn that foundation into 
faster science, stronger engineering, and better mission 
outcomes. Leveraging our relationships with interagency 
counterparts, NASA can advance AI tools that accelerate 
exploration, strengthen American leadership in space, 
and open new paths to understanding our planet and the 
universe.

July 22 2026. https://www.nasa.gov/news-release/nasa-joins-genesis-mission-to-accelerate-ai-driven-discovery/

“

NASA Administrator Jared Issacman
July 22, 2026

”
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Two major strategic space priorities for Genesis

https://www.energy.gov/documents/genesis-mission-national-science-technology-challenges-0

• Fully leverage existing data
• Connect observations, simulations, 

models
• Enable new discoveries through 

federated access
• Future data born “AI Ready”

• Significantly accelerate engineering
• Enhance the full design, simulate, test, 

qualify, integrate and operate life cycle
• Preserve safety, performance and 

mission assurance
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• “Space Genesis Mission Workshop”
• USSF (host), NASA, USSPACECOM, NRO, NOAA, AFRL, OSTP, DOE
• November 2026, Washington DC Area

• Goal: Create a unified list of “Space AI Focus Problems”
• Distill strategic “National S&T Challenges” into tactical focus 

areas
• Search for commonalities
• Drive coordinated development

• A cross-gov’t collaboration on space+AI challenges

The Space Community is working together to prepare 
for Genesis Mission Applications

Strategic National 
S&T Challenges

Tactical Focus 
Areas

Actionable 
Projects

workshop



25LLNL-PRES-2023815

Secondary colors

Primary colors
Elemental

Navy
#001E62

Impact
(Lab) Blue
#0032a1

Energetic
Azure

#3366CC

Livermorium
Ice

#eaf0fb

Carbon 
Gray

#a9aabc

Quantum
Slate

#6e6e7c

Innovation
Yellow

#fcb317

Research 
Red

#9d0c0c

Performance 
Pink

#b40f64

Algorithm 
Orange
#ff7900

Solar
Yellow

#ffd900

Gamma 
Green

#84c342

Extreme 
Turquoise
#00a5b8

Inspiration 
Indigo

#4b0082

• Engineering processes will become quicker and more cost-
effective, spanning systems, structures, instruments, and materials.

• The pace of scientific discovery will increase and improve through 
the integration of modeling, simulation, and experimentation.

• Collaborative platforms will support design, simulation, 
manufacturing, testing, and data analysis within shared ecosystems.

The Genesis Mission will change science, 
technology, and engineering

What science might be possible in the era of “Text-to-X”?
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Thank you!

peterson76@llnl.gov

Contact Info:

Acknowledgements:

Brian Spears, Ryan Fellini, Seth Watts, Shawn Higbee, John Ganino, 
Timm Wulff, Aaron Peer, Trier Mortlock, Phillip Rittmuller, Nate 
Golovich, Wim de Vries, Ryan McClelland, Ryan Watkins



Image Source: https://www.jpl.nasa.gov/news/nasa-mission-will-study-the-cosmos-with-a-stratospheric-balloon

NASA EXoplanet Climate Infrared Telescope 
(EXCITE, Peter Nagler)

40 km

Telescope

Tip/Tilt 
assembly

R. McClellan, NASA Goddard Space Flight Center



ALICE Application: Virtuous Cycle

•3.6 kg      610 gm lower cost
• Lighter support structures lower cost
• Thinner flexures better performance

• Smaller surface area better performance
• Smaller radiators lower cost

•10 parts consolidated to 1 part
• Simplified integration lower cost
• Fewer interfaces for distortion better 

performance
• Better temperature uniformity better 

performance
28

R. McClellan, NASA Goddard Space Flight Center



Telescope 
Supervisor Agent

Optical Design 
Agent

Python-based 
reinforcement 
learning AI tool

Ray Trace Engine

Optical Mount 
Design Agent

Computational 
design tool for optical 

mounts

CAD Engine

Analysis Agent

Mechanical 
Analysis Tool

Simulation Engine

Reporting Agent

Documentation 
generation tool

Requirements 
Decomposition Tool

Text-to-Telescope

29

Simulation Engine

Cheaper

Faster
R. McClellan, NASA Goddard Space Flight Center
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DOE HPC will power the Genesis Mission Platform

Dominated by 3 of the top 
systems in the world

2. El Capitan 1.8 EF/s (LLNL)
3. Frontier 1.3 EF/s (ORNL)
4. Aurora 1.0 EF/s (ANL)
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Accelerate mission-ready hardware
Rapidly iterate and deliver space hardware that 
meets national science and security objectives

Integrate multiphysics AI/ML
Use multiphysics-based AI/ML capabilities to 
break down traditional disciplinary silos and 
converge more quickly on effective designs that 
achieve multidisciplinary targets

Optimize components computationally
Apply in-house topology and shape optimization 
codes to quickly design high performance 
mechanical subcomponents and assemblies

Exploit world-class HPC capabilities
Leverage national lab High Performance 
Computing (HPC) and HPC-optimized lab codes to 
explore larger design spaces and reduce design 
risk

The LLNL Space Program is preparing for Genesis

Pandora Pioneers Mission, a Lawrence Livermore 
National Laboratory and NASA Goddard Space Flight 
Center collaboration to develop a $20m small satellite 
space observatory for exoplanet science
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We are building an AI+HPC ecosystem for fast digital 
optical payload design & optimization

Multi-material negative thermal 
expansion optics mount

• Modular system design for physics engine flexibility
• Leverages open source and in-house (US gov’t) software

+

Differentiable Finite 
Element Analysis Library

Gradient-Based  
Optimization on HPC

HPC Sim. 
Orchestration Mesh Generation

(SNL)
Skinned lattice mount 

designed for stiffness-to-
weight ratio

“LiDO” : Livermore Design Optimization | “SNL”: Sandia National Laboratories
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Space Hardware Case Studies are driving the design 
of our ecosystem

LLNL’s CODA all-aluminum 
Cassegrain telescope 

(like on Pandora)

Pandora’s Near-Infrared Detector 
Assembly (NIRDA)

(uses a backup sensor from JWST)

LLNL Monolithic Telescope 

Optimize!

Optimize!

Optimize!

Mechanical Vibration → Thermal Isolation → Optical Figures of Merit

R&D Plan
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Improved accuracy, higher order algorithms, better physics, UQ-aware design optimization

Exascale computing will allow us to design for 
manufacturability and performance

El Capitan: 2.79 exaFLOPS (2.79e18 FLOPS)

Tuolumne: 288 petaFLOPS (2.88e17 FLOPS)

Mach 3.0 flow past a complex 
geometry,  using 1/3 of El 

Capitan for 24 hours

Simulation

LLNL wind 
tunnel 

experiment

“UQ” : Uncertainty Quantification 
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• Reenvisioning Advanced Manufacturing 
and Industrial Productivity 

• Reimagining Construction and Operation of Buildings 

• Scaling the Biotechnology Revolution 

• Securing America’s Critical Minerals Supply 

• Delivering Nuclear Energy that is Faster, Safer, Cheaper 

• Accelerating Delivery of Fusion Energy 

• Realizing Quantum Systems for Discovery 

• Designing Materials with Predictable Functionality 

• Achieving AI-Driven Autonomous Laboratories 

DOE targeted a broad set of 
initial challenge problems

https://www.energy.gov/documents/
genesis-mission-science-and-
technology-challenges

These challenge problems will drive requirements and initial capability

… and 15 more …
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• Reenvisioning Advanced 
Manufacturing and Industrial 
Productivity 

• Reimagining Construction and 
Operation of Buildings 

• Scaling the Biotechnology 
Revolution 

• Securing America’s Critical 
Minerals Supply 

• Delivering Nuclear Energy that 
is Faster, Safer, Cheaper 

• Accelerating Delivery of Fusion 
Energy 

• Transforming Nuclear Cleanup 
and Restoration

• Discovering Quantum Algorithms 
with AI 

• Realizing Quantum Systems for 
Discovery 

• Recentering Microelectronics in 
America 

• Securing U.S. Leadership in
Data Centers 

• Accelerating Materials Discovery, 
Production, and Qualification for 
Strategic Deterrence 

• Achieving AI-Driven Autonomous 
Laboratories 

• Designing Materials with 
Predictable Functionality 

Genesis is targeting a broad set 
of initial challenge problems

https://www.energy.gov/documents/
genesis-mission-science-and-
technology-challenges
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• Enhancing Particle Accelerators 
for Discovery 

• Unifying Physics from Quarks to 
the Cosmos 

• Predicting U.S. Water for Energy

• Scaling the Grid to Power the 
American Economy

• Unleashing Subsurface Strategic 
Energy Assets

• Accelerating Nuclear Threat 
Assessment, Preparedness, and 
Response 

• Harnessing America’s Historic 
Nuclear Data and Research 

• Increasing Experimental Capacity 
at Nuclear Research Facilities 

• Integrating Design and Production 
Operations for Nuclear 
Deterrence 

• Safeguarding Nuclear Materials 
from Proliferation Threats

• Streamlining Production, 
Removing Red Tape, and Ensuring 
Safety in the Nuclear Enterprise

• Strengthening Deterrence 
Through Attribution of Nuclear 
and Radiological Signatures

Genesis is targeting a broad set 
of initial challenge problems

https://www.energy.gov/documents/
genesis-mission-science-and-
technology-challenges


	Intro
	Slide 1: Genesis Mission A National Initiative to Accelerate Discovery and Innovation with AI
	Slide 2: AI + HPC will change science, technology and engineering

	GenAI Grassroot Vignettes
	Slide 3
	Slide 4: The “Text-to-X” AI Future of Space
	Slide 5
	Slide 6
	Slide 7
	Slide 8: LLNL’s Generative Design for NASA CAPSTONE 02 payload mass mock
	Slide 9
	Slide 10: Generative AI has the potential to lower costs and accelerate development, without compromising NASA’s strict technical standards.
	Slide 11: Generative AI has the potential to lower costs and accelerate development, without compromising NASA’s strict technical standards.

	Genesis Mission -- Unifying Grassroots
	Slide 12
	Slide 13
	Slide 14: https://genesis.energy.gov
	Slide 15: Robust Public-Private Partnerships will enable Genesis success 
	Slide 16: A National Security Scientific AI Platform will accelerate innovation and production across missions
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

	Future - Space + Genesis
	Slide 22: The space community is teaming on Genesis
	Slide 23: Two major strategic space priorities for Genesis
	Slide 24: The Space Community is working together to prepare for Genesis Mission Applications
	Slide 25: The Genesis Mission will change science, technology, and engineering
	Slide 26

	Backup
	Slide 27: NASA EXoplanet Climate Infrared Telescope  (EXCITE, Peter Nagler)
	Slide 28: ALICE Application: Virtuous Cycle
	Slide 29:   Text-to-Telescope
	Slide 30
	Slide 31: DOE HPC will power the Genesis Mission Platform
	Slide 32: The LLNL Space Program is preparing for Genesis
	Slide 33: We are building an AI+HPC ecosystem for fast digital optical payload design & optimization
	Slide 34: Space Hardware Case Studies are driving the design of our ecosystem
	Slide 35: Exascale computing will allow us to design for manufacturability and performance
	Slide 36: DOE targeted a broad set of initial challenge problems
	Slide 37: Genesis is targeting a broad set of initial challenge problems
	Slide 38: Genesis is targeting a broad set of initial challenge problems



  𝜌 = 4 . 40  


   f 0 = 1840

