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Background Computational Framework Key Findings

Controlled Fusion: Tokamak
reactors aim to harness fusion
energy by confining high-
temperature plasma, which
involves complex energy
transfer processes.

The computational framework integrates experimental data
preprocessing, diffusivity calculation, transport time modeling, Neural
ODE-based simulation, and backpropagation optimization to refine
plasma behavior predictions across various tokamak regions.
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Model Accuracy: The
optimized model significantly
reduces mean squared error
(MSE) by over 98% on average
compared to the baseline
empirical model.
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Experiment Results Applications

Segment tokamak plasma into

core, edge, and scrape-off layer Original Diffusivity Model

Optimized Diffusivity Model The optimized model can be

(SOL) regions. 1019 Shot 131190 Core 1019 Shot 131190 Core applied to improve the analysis
Model particle and energy 4 L 1 — e 6 D | — and performance of tokamak
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transport, collisional energy | : o} § Future work includes refining the
transfer, atomic processes, and S e : model for more accurate edge

1on orbit losses. transport predictions and handling

different heating mechanisms
more accurately.
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Determine internodal transport
timescales for accurate energy
transfer simulation.

Neural ODEs:

Use Neural ODEs to derive
optimal diffusivity parameters
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Interactions across timescales.
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