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AI is no longer limited to data analysis—it now guides experiments, orchestrates facilities, 
accelerates simulations, curates data, and disseminates scientific knowledge.
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Every Scientist Should Be Able To Collaborate With Every Scientific Facility And Every AI

Science is Becoming Autonomous
2609465
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One Federated Backbone. Every Facility. Every Scientist. Every Al.

NSDF Connects the Scientific Lifecycle

NSDF Is The Connective Tissue That Enables Autonomous Science Through 

Collaboration, AI And FAIR Data  Across Every Step Of The Scientific Lifecycle.

2609465
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Multiple federated entry points. Secure. Intelligent. Interoperable.

NSDF Is a Digital Backbone for Autonomous Science

NSDF Builds The Communication And Coordination Layer That 
Connects Data, AI, People, And Computing Across The Nation.

2609465
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Support a National Federation of Data & Communities
2609465



NSDF Learns From Each Domain, Identifies Reusable Services, And Strengthens The Common Backbone. 

Serving Communities one Domain at the Time 2609465
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NSDF & Facilities: Scientific Challenge & Objectives

THE CHALLENGE

Scientific data, models, instruments, and 

facilities are fragmented and operate in 

isolation.  We collect data, but we 

cannot understand it in time to act.

OUR OBJECTIVES

Enable AI-guided, closed-loop 

experimentation Make real-time decisions 

during experiments to accelerate discovery.

INTEGRATE INSTRUMENTS, DATA, AI, 

AND HPC 

Create the missing integration layer across 

experiments, models, facilities, and prior 

data.

DEMOCRATIZE AUTONOMOUS SCIENCE 

Provide open, scalable infrastructure so any 

researcher can leverage AI for discovery.

2609465

From Fragmentation to Federation.
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NSDF & Facilities: Scientific & Technical Approach

NSDF is the digital backbone that connects facilities, AI, and scientists.

FEDERATED DATA FABRIC: 
Connect instruments, facilities, cloud, and 

HPC with FAIR data, metadata, and 

provenance.

REAL-TIME INTEGRATION: Stream, 

harmonize, and deliver data in real time to 

AI and scientists.

AI-READY INFRASTRUCTURE: 
Provide trusted services for AI workflows, 

models, and scientific reasoning.

SECURE & INTEROPERABLE:
Respect facility boundaries and security 

while enabling cross-facility collaboration.

REUSABLE & EXTENSIBLE:
Modular services that can be deployed 

across facilities and scientific domains.

HPC & CLOUD SCIENTISTS

2609465
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NSDF & Facilities: Community & Scientific Collaboration
Strategic Institutional Partnership
Key collaborators include UTK, University of 

Utah, ORNL, CHESS, NIST, and ViSOAR, with 

support from NSF, DOE, and ARPA-H.

Community & Scientific Impact
Enabling shared infrastructure, open tools, 

and collaborative discovery across institutions 

and disciplines.

Broad Scientific Scope
Beyond beamlines, the framework is applied to 

Dark Matter research at SLAC, Power Grid 

resilience, and ARPA-H cancer surgery initiatives.

Multi-Agency Ecosystem
Primary funding and oversight from NSF and 

DOE, with alignment across the Air Force, Army, 

and Navy, and planned expansion to industry 

partners.

Live Facility Integration
The framework is operationally applied to the 

CHESS SMB, ID4B, and QM2 beamlines for 

real-time experimental monitoring.

2609465

From Institutions to a Connected Scientific Ecosystem.
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NSDF & Facilities: Impact, Deliverables & Scientific Outcomes

From Three Cross-Facilities Demonstrations to a Reusable National Capability.

Deliverables & Impact
.

Vision of the Future
Operational Framework
A working model for federated AI and digital-twin 

experimentation across multi-institutional 

facilities.

Data & Infrastructure Integration
Secure, scalable, and interoperable infrastructure 

connecting national resources and cloud 

services.

Scientific Outcomes
Improved additive manufacturing quality control, 

residual strain mapping, and new materials 

discovery.

Community Impact
Open tools, shared workflows, and reproducible 

science accelerating discovery across disciplines

Autonomous 

Science
AI-driven systems 

propose, execute, 

and adapt 

experiments in real 

time.

Open & FAIR 

Ecosystem
FAIR data, open 

tools, and shared 

standards enable 

trust and reuse.

Federated 

Discovery
Seamless 

collaboration across 

institutions, facilities, 

and disciplines.

Transformative 

Impact
Accelerated discovery, 

innovation, and 

solutions for national 

and global challenges.
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The location of the SuperCDMS dark matter experiment at the Canadian laboratory SNOLAB. (Credit: Greg 
Stewart/SLAC National Accelerator Laboratory; inset: SNOLAB.) PETABYTES of multiple-

channel tie series (1D)
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NSDF & Dark Matter: Scientific Challenges & Objectives

Transforming Proprietary Dark Matter Data into 

an Open, FAIR, and Reusable Resource for Scientific Discovery.
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NSDF & Dark Matter: NSDF Scientific & Technical Approach

NSDF Provides The Cyberinfrastructure, Services, And Tools That Transform 

Raw Experimental Data Into An Open, Ai-ready Ecosystem.
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NSDF & Facilities: Community & Scientific Collaboration
FAIROS Dark Matter Data Commons
Building a FAIR and open infrastructure to share 

experimental dark matter data and workflows.

Community Metadata Standards
Establishing shared practices for rare-event 

physics data and documentation.

Workforce Development
Training, tutorials, and reproducible workflows to 

grow the next generation of researchers.

Open-Source Software Ecosystem
NSDF tools, dashboards, and CLI released as 

open source for maximum impact.

NEXUS-DM & Community Partners
Aligning with national efforts to unify tools, data, 

and standards across experiments.

CDMS Collaboration
Releasing the rich R76 calibration dataset for 

broad community use.

From Proprietary Data to Shared Discovery.
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NSDF & Dark Matter: Impact, Deliverables & Scientific Outcomes

Transforming Dark Matter into the Blueprint for Future AI-Ready FAIR Scientific Data Commons.



BEFORE:

1-2 Weeks 

Turnaround Time 

for Custom Video 

AFTER:

Real-Time Exploration with 

Interactive Dashboard

Global Parameter Flexibility

Instant Visualization and 

Analytics
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Science in Action: NSDF Powers Earth Science at NASA Ames

Dedicated Support Team

Static Output

Each Revision Requires 

a Complete Rerun

With NSDF, Scientists Moved From Waiting For Answers To Exploring Data In Real Time.



NASA
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From Research to Training: Build Foundational Skills
2609465

NASA 

ARSET
TRAINING
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INSPIREFrom Research to Training: Inspire Future Leaders
2609465
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ENGAGEFrom Research to Training: Engage the Community
2609465

NSDF Builds Tomorrow's Scientific Leaders Through 
Open Education, Hands-On Training, and 

Community Engagement.
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GROWFrom Research to Training: Grow the National Workforce

2609465
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Three simple pathways:

Use NSDF

• Connect your data

• Deploy an Entry Point

• Install/interoperate with software stack 

• Develop services

• Partner on specific science and engineering use cases

We built NSDF to be used.
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How Can You Collaborate with NSDF?
https://nationalsciencedatafabric.org/contact.html

2609465

Contact us: info@nationalsciencedatafabric.org
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