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The Challenge: Bridging Simulation & Reality
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Gap: Digital Twins (DTs) are often sophisticated
simulators but lack a robust framework for validating
physics models against experimental data.

Problem: "Ground truth" in fusion is difficult to

establish due to sparse, noisy experimental data and

fragmented synthetic diagnhostics.

Solution: Create a self-consistent validation loop.

TWINTOK-IDA merges two synergistic efforts:

o TWINTOK (M2P2+CEA+EPFL): A digital twin
framework for benchmarking simulations using
synthetic diagnostics.

o IDA (IPP): Integrated Data Analysis tools using
Bayesian inference for reliable plasma profiles.

Validation engine that transforms the Digital Twin Environment into self-correcting "living model" of the physical device

WP1: DTE Integration and Framework Expansion

Synthetic diagnostic Real diagnostic Architect the foundational infrastructure of the

validation service, creating a modular platform that
translates simulation outputs into synthetic signals for
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T1.2 Synthetic Diagnhostics Automation

Forward models

o Interferometry: TIP model for ITER adapted to WEST Building on TWINTOK, we will finalize an automated,
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Move beyond qualitative validation toward statistically
Roficctometry | rigorous, quantitative assessment.
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s v T3.1 Quantitative Scoring System Develop multi-

metric scoring - MAE, RMSE, Pearson correlation,

VALIDATION & OPTIMIZATION - I gpectral overlap, and SSIM for 2D data - weighted to
prioritize agreement in critical plasma regions.
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WP2: IDA and Equilibrium Reconstruction

This WP, led by R. Fischer, forms the core analysis
engine of the framework based on Bayesian
probability theory, combining measurements, forward
models, and physical constraints. SDs from WP1 act
as the forward models, linking plasma parameters to
measurable experimental quantities. The framework
will use both reduced-fidelity models for fast routine
estimation and high-fidelity models for benchmarking
and validation studies.

T2.1 IDA for Profiles The Python IDA package will be
developed to full maturity. The use of robust
likelihoods will mitigate outliers, producing reliable
electron density and temperature profiles with full
uncertainty quantification.

T2.2 IDE for Equilibrium The Integrated Data
Equilibrium (IDE) code will be developed and made
IMAS compatible. This free-boundary Grad-Shafranov
solver, coupled with the current diffusion equation,
will provide consistent equilibrium reconstruction.

The IDE results will be validated against existing codes
(e.g., NICE) at WEST.
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