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Some Concerning Trends
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Average Change in Drought (Five-Year SPEI) in the Contiguous 48 States, 1900-2023 [1]

Damage Caused by Wildfires in the United States, 1984-2021 [2] North Atlantic Ocean [3]
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Datacenter Power Demand [6]

Energy consumption by source, World [4]
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Fusion To The Rescue

What Is Needed? How Does It Work? What Is Needed?
& 24/7 Generation e B N + High Density/Pressure/Temperature
@ Massive Capacity e e iyt - Plasma must be Confined
& Low/No Carbon ‘ + ' = ‘ + Non-Fuel gasses pumped out
@ Long-Term Viable S - Stable Plasma Structure
o Controlled "QSZ’OS;?;‘;‘”SAAJ Power « Able to withstand heat loads
onfrolie + Steady-State Operation
Fusion Has It All * Small Afoms > Large Atom Confinement Is Key!
’ «  Opposite of Fission .
Magnetic Confinement Inertial Confinement
( Tokamakm Stellarator N ( Lasersw )
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Tokamak Crash-Course

Tokamak Coordinates | Cross-Section Density Profile Layout
x'Syamg' “ (10] Tokamak Density Profile
> o A e « Field geometry is criticall
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+ Pedestal Shape sets
density evolution

Magnetic surface
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* Plasma modeled as a fluid, radially

« Sis Source/Sink term (fueling)

« DandV are transport coefficients

+ Cannot be measured directly,
analytical methods slow and coarse T T e T
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Addressing Data Challenges

Input Profiles

* ML needs LOTS of data

+ Too Little Exp data

+ Generate data to mimic
experimental data
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Generation Considerations

« Truncated Gaussian Kernel Used
+ Distribution kept wide to span
Experimental Parameter Space
100,000 sets generated with no
overlap, fully independent

Truncated Gaussian: N = 1M, 100 Bins
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Future Proofing

» Takes any uniform grid size (nt,nr) =
(1000,50) used for project

« All steps compatible with non-
constant D,V, and S profiles

2D Density Data

* For model to find D and V, need
data on density evolution in time

 Finite Diff Solver (Matrix Form)

+ existing solvers too slow ~20s per

+ Optims and GPU Accel led new
solver to ~0.1s per (200x Faster)

2D Density Profile 1e20

Density (1/m=3)
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+ 2D array paired with input arrays
+ Saved into database file (40GB)
+ Generating parameters stored as well

S



-
Model Creation and Training

Model Architecture Training Process

« Non-Linear CNN in () pyrorch » Training/Validation/Test Split of 70/10/20 Implemented

e Trained with @E‘l‘f[‘,‘z“\ * Trainsin ~Thr, 120 epochs (RTX 4090, 7950x3d, 128GB RAM)
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Results and Project Future

Results

« Fit is exceptional as Data Error ~10%
« Small deviations in D profile near the core

6

0a o6
Rho

0a o6
Rho

+ o6
Rho

a4 o6 o8
Rho

0 os
Rho

-6

oo 02 04 06
Rho

o8

10

oo

04 o8

o6
Rho

10

0 os
Rho

—— InputV —— ModelV —— InputD —— Model D

4.0

3.8

3.6

Time

3.4

3.2

3.0

Ongoing & Future Work
Benchmark Model on addifional Experimental Data
Inject Noise intfo data and verify model still functions
Extract tfrends and relationships from model weights
Incorporate Recurrent elements for real-time inference

Noise Profile
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Thanks For Listening!

Collaboration
Open and FAIR Fusion For
Machine Learning Applications

achusetts Institute of Technology
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Very helpful when coding...
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