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I Al for Fusion and Fusion Qata Lake Collaboration

**|AEA Al for Fusion CRP Partners

The Australian National University (Australia),
Institute of Plasma Physics, Chinese Academy of
Sciences (China), Shanghai Jiao Tong University
(China), Southwestern Institute of Physics (China),
Huazhong University of Science and Technology
(China), Southwestern Institute of Physics (China),
Institute for Plasma Research (India), Eni S.p.A.
(Italy), University of Cagliari (ltaly), Osaka
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Science (Japan), Korea Institute of Fusion Energy
(Korea), Chung-Ang University (Korea), Centro de
Investigaciones Energéticas, Medioambientales y
Tecnolégicas (Spain), Chalmers University of
Technology (Sweden), Swiss Federal Institute of
Technology Lausanne (Switzerland), Imperial
College London (UK), Culham Centre for Fusion
Energy — UK Atomic Energy Agency Culham
Science Centre (UK), First Light Fusion Ltd. (UK),
Massachusetts Institute of Technology (USA)
(USA), Princeton Plasma Physics Laboratory
(USA), University of Notre Dame (USA), General
Atomics (USA), University of Wisconsin-Madison
(USA), and College of William & Mary (USA).
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I Al for Fusion CRP and the Fusion Data Lake Project

‘Al for Fusion: accelerating fusion R&D with Al, through the creation of a platform and
cross-community network for innovation and partnership” - Al for Fusion (Homepage)

Who and what do we need for Al accelerated development of fusion energy?

The who: The what:

* Physicists « Surrogate models

« Software developers » Digital twins
 Statisticians « Large scale data access!

The Fusion Data Lake: Accelerating Al development through Open Science and FAIR Data



https://nucleus.iaea.org/sites/ai4atoms/ai4fusion/SitePages/AI4F.aspx%20%E2%80%8B

Today's Topics

Platform Design

Architecture design, data
and metadata models,
and technology and data
transfers

Proof of Concept

What has been
developed, and what is
coming next

Data Governance

Data access and terms
of service



I Platform Design: Goal

The Fusion Data Lake has three core deliverables as its goals:

1. catalogue - Query-able, central catalogue of experimental fusion experiments (devices,
shots, and diagnostic signals)

2. Data Federation — Decentralised network of experimental repositories accessible
through a single point

3. Medium Term Storage — Centralised storage for data projects



I Platform Design: Goal
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1. catalogue - Query-able, central catalogue of experimental fusion experiments (devices,
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Building an inclusive fusion data platform for everyone!




I Platform Design: Architecture
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I Platform Design: Architecture

Tech stack:
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Data Engineering approach: Azure DevOps




Platform Design: Data and Metadata Model
R

e ! id»® char[100]
icf_type char[20]
laser_energy float[10]

id 2 char[100] — /,,_\
pellet_gas_thickness float[10]
creation_date datetime(YYYY-MM-DD hh:mm:ss) ) )
pellet_ice_thickness float[10]
url char[50]
pellet_ablator_thickness float[10]
endpoint_url char[50]
fuel_areal_density float[10]
device_name char[50]
fuel_temperature float[10]
device_type char[50]
confinement_type string NN
1 e
main_plasma_species char[10] - — id 2 char[100]
neutron_yield float[10] magnetic_field_strength float[10]
L confinement_type
scientific_method char[10] plasma_current float[10]
icf bool . 2 .
comment char[300] magnetic_configuration char[30]
mcf bool 3
confinement_mode char[10]
seeded_species char[10]
wall_material char[20]

View interactively here: Fusion Data Lake - Minimal Metadata Model - dbdiagram.io



https://dbdiagram.io/d/Fusion-Data-Lake-Minimal-Metadata-Model-67cefb3a75d75cc844867a4c

I Platform Design: Data & Metadata Model

For a catalogue:
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View interactively here: Fusion Data Lake - Minimal Metadata Model - dbdiagram.io



https://dbdiagram.io/d/Fusion-Data-Lake-Minimal-Metadata-Model-67cefb3a75d75cc844867a4c

I Platform Design: Technology and Data Transfers

Provisional Development Partners Provisional Federation Partners
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Do you want to share data and technology with the Fusion Data Lake project?




I Proof of Concept: Phase 1 — Complete

What was done:

« Data pipeline

« MAST Data Catalog connection
« Medallion data storage

« Webapp catalogue

Demonstrated cataloguing and federation cap

FusionDL ~ Home UK Mast

UK Mast Data Browser

Environment: Table:

Dev MAST_DATA_CATALOGUE_LEVEL1_CORE_GOLD

Rows Loaded: 15969

DEVICETYPE MAINPLASMASPECIES 1D URL

1108494780000000000 Tokamak D 3bcdcb98-feB5-53e7-899b...  s3://mast/level1/shots/120...

View More

1108497180000000000

Tokamak 1/shots/120...

View More )

1108498140000000000  MAST Tokamak 12072 D d49fb320-421c-5d6f-aTed...  s3://mast/levell/shots/120...

 I——
( view More

1108545720000000000 Tokamak

1/shots/120...

View More

1108546620000000000

Tokamak 90c76767-2a57-56ed-b3ee...  s3://mast/level1/shots/120...

e\
View More

1233745800000000000

Tokamak 766191c4-00a5-5e34-af49...  s3;//mast/levell/shots/212...

( view More

1108547520000000000 Tokamak 9d16753a-ddad-5c61-a1d...  s3://mast/level1/shots/120...

View More

1108549020000000000 Tokamak 69ca76c1-6014-5b1d-a1c0...  s3;//mast/levell/shots/120...

View More

1108549980000000000

Tokamak €996224d-bc41-576b-a6(7...  s3://mast/levell/shots/120...

View More

1108550940000000000  MAST Tokamak 12078 D 158001b- 81-8967-.. 1/shots/120...

( view More

1108551900000000000 Tokamak 8eb70eda-96a9-5499-a761...

53://mast/level1/shots/120... T

53://mast/level1/shots/120...



I Proof of Concept: Phase 1 — Complete

FusionDL Home UK Mast

UK Mast Data Browser

Environment: Table:

Dev MAST_DATA_CATALOGUE_LEVEL1_CORE_GOLD

Rows Loaded: 15969

CREATIONDATE DEVICENAME  DEVICETYPE SHOTNUMBER  MAINPLASMASPECIES D URL Action

----------- - D 3bcdcb98-fe85-53e7-899b...

s3i//mast/level/shots/120.. (" i More
\

FusionDL Home UK Mast be7ee686-bf92-5add-bds...

s3://mast/level1/shots/120... ( & Vicvibos E )

d49fb320-421c-5d6f-a7ed...

s3://mast/level1/shots/120... (

e
View More
& J

Row Details - MAST_DATA_CATALOGUE_LEVEL1_CORE_GOLD

5bf4430b-0b6d-5fec-9053...

s3://mast/level1/shots/120... C Nicviion

Column Value

90c76767-2a57-56ed-b3ee...

s3://mast/level1/shots/120... C Vimies )

CREATIONDATE 1108494780000000000

766191c4-00a5-5e34-af49... s3://mast/level1/shots/212... : 0
DEVICENAME MAST | View More )

DEVICETYPE Tokamak 9d1675aa-ddad-5c61-a14...

s3://mast/level1/shots/120... ( Nissies
~ ? .
SHOTNUMBER 12070

69ca76c1-6014-5b1d-a1c0... s3://mast/level1/shots/120...

|\ View More )
MAINPLASMASPECIES D ~— A

€996224d-bc41-576b-abf7...

s3i//mast/levell/shots/120.. (" i i)

D 3bcdcb98-fe85-53e7-899b-b40822446e79

i £158001b-897a-581-8967-...

ENDPOINTURL https://s3.echo.stfc.ac.uk 8eb70eda-96a9-5499-a761...

s3://mast/level1/shots/120... € NissRics N

A T——
s3://mast/level1/shots/120... (" View More
- J

CONFINEMENTTYPE MCF

7bc9ac3e-3¢72-5755-885d... s3://mast/level1/shots/120...

SCIENTFIFICMETHOD Experiment

NEUTRONYIELD

COMMENT NO SUSTAINDED PLASMA BREAKDOWN EVEN LATER THAN IN 12069, SHEDULER DIED, DATA OK AFTER...

DIAGNOSTIC

< Back to Browse



Proof of Concept: Phase 2 - In Progress

Goals: Expand the Fusion Data Lake with the LHD and Alcator C-Mod logs
Timeline: September 2025 to January 2026

Networking and Data model mapping E2E Testing
Dataset ingestion

To demonstrate scalability!




Uploads/Ingress

» Users who upload

data must have the
authority to share the
data to the platform,

Data must be
licenced, either linked
or in the metadata.

I Regulation: Terms of Service (ToS)

Downloads/Egress

« Datais only used and

shared in line with
ToS & data licensing,

Data licenses will be
transparent and
accessible to enable
compliance.

5

Attribution/Citation

 Data must be

acknowledged in line
with the data license,

« The platform must be

referenced.



I Regulation: Data Access Levels

Levels of data restriction:
1. Public — Open data. No login credentials required.

(2. Internal - Open to anyone with login credentials to the

platform.
Requires a 3. Restricted — Only open to individuals with login credentials
NUCLEUS (IAEA) < e
account from institutions approved by the data owner.

4. Closed - Only be accessible to individuals approved by the
\_ data owner, with login credentials to the platform.

You choose the level of access to your data!

;

-

o )
Institutional

credential
authentication
using OpenAthens



https://www.iaea.org/resources/nucleus-information-resources
https://www.openathens.net/

I Conclusions

The IAEA's Fusion Data Lake is being built to accelerate Al
development in fusion research through Open Science and FAIR Data.

Progress:
« Scale able engineering design within standard fusion ontologies

 Proof of Concept — Phase 1 to Phase 2

« Developing regulation for an inclusive and safe platform

Come support the development and adoption of the Fusion Data Lake!




Thank you for listening!

Any Questions?

Daljeet Singh Gahle et al, IAEA

6th IAEA Technical Meeting on Fusion Data
Processing, Validation and Analysis
September 9th-12th, Fudan University, Shanghai
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« Developing regulation for an inclusive and safe platform

Come support the development and adoption of the Fusion Data Lake!




