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Overview

1. Introduction: data science



What is data science?

o Activities:
e Data processing: cleaning, filtering,
visualization, ... ) 3
e Optimization 1010100
o Estimation, testing and prediction 5
e Pattern recognition: clustering, regression
analysis, dimensionality reduction

01001 14

@ Methods: o Culture:
o Probability theory o Best practices
o Statistics o Training
e Machine learning o Community exchange
e Artificial intelligence
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Foundations matter

@ Performance in complex
environments

@ Robustness of methods and results

@ Simplicity:

e Explainable models
@ Minimal parameter tuning

e Adoption in data-intensive
communities
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2. Regression analysis for scaling laws



Global H-mode confinement scaling in tokamaks

e Updated ITPA global H-mode energy confinement database
(DB5.2.3):

e New data closer to ITER conditions and expanded ranges

o New data from devices with fully metallic walls

o Issues with IPB98(y,2):
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Robust Bayesian regression

@ Motivation:

e Measurement uncertainty

e Model uncertainty

o Heterogeneity: multi-machine database
o Errors in all variables

o Multicollinearity: e.g. I, o By
@ Robust likelihood:
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Trends
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Geodesic least squares

@ Geodesic least squares: GLS
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G. Verdoolaege et al., Nucl. Fusion, 55, 113019, 2015
G. Verdoolaege et al., Entropy, 17, 4602-4626, 2015
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Multi-machine engineering scaling

STDs-IL ELMy H-mode (error bars from Bayesian analysis)

Engineering scaling
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3. Probabilistic characterization of stochastic plasma phenomena



Why a probabilistic approach?

@ Quantify and compare uncertainty, variability, fluctuations

@ Physical information from =y
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L. Sandberg et al., Phys. Rev. Lett. 103, 165001, 2009
@ Risk analysis, extreme events
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Edge-localized modes

@ Distributions of ELM characteristics

@ Dependence of distributions on plasma conditions

#97943

— Emissivity

:
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J. Alhage et al., in preparation, 2024



ELM timing
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Inter-ELM time At
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J. Alhage et al., in preparation, 2024

Shifted Weibull distribution:

0= f(5E) e ()] e

A.J. Webster et al., Phys. Rev. Lett. 110, 155004, 2013




Distribution map Atgpm

@ 453 plasmas from JET carbon wall
@ 379 plasmas from JET ITER-like wall

e 100 reference plasmas (A. Shabbir et al., Rev. Sci. Instrum. 87, 11D404, 2016)

Atgra: Weibull distribution
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Projected map Atgim

Approximately isometric projection with multidimensional scaling:
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4. Sensor fusion
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Sensor fusion

@ Sensor fusion / Data fusion / integrated data analysis (IDA)

 Rawdata %, ~ Raw data %
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Gaussian process tomography

@ Gaussian process prior:
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Soft X-ray emissivity reconstruction

Tomographic reconstruction Measured and reconstructed signal
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T. Wang et al., Rev. Sci. Instrum. 89, 063505, 2018
H. Wu et al., EPS 2023
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Integrated tungsten concentration estimati

@ SXR vs. SXR + bolometry:

H. Wu et al,, J. Fusion Energ. 43, 9, 2024

@ Real-time performance via neural network emulation
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Plasma position in DEMO
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5. Anomaly detection and predictive maintenance
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Predictive maintenance
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JET Ohmic heating circuit breakers

Circuit breaker

Central solenoid
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Overheating of beryllium tiles

[ Etectron beam facility JUDITH2 |

electron beam
enerator
9 N

optical camera

infrared camera
copper mirror /

& dooricartier

sample cooling|
circuit

* max. power 200 kW

+ acceleration voltage 30 — 60 kV

+ EB diameter <5mm FWHM
+ loaded area 40 x 40 cm?

Courtesy of T. Loewenhoff, FZ-Juelich

Initial

After cycling at 1.8 MW/m?

After cycling at 2.4 MW/m?

After cycling at 2.75 MW/m?

After cycling at 3 MW/m?

After cycling at 3.25 MW/m?

After cycling at 3.5 MW/m?
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6. FUSION-EP joint master program
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FUSION-EP

@ European Master of Science in Nuclear

Fusion and Engineering Physics FUSION

ENGINEERING PHYSICS

@ Two-year joint European master
@ 8 Full Partner institutions

@ 25 Associate Partners worldwide:
CEA-IRFM, CIEMAT, IPP, ITER, SWIP, ...

@ Joint experimentation, Summer Event
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https://fusion-ep.eu/
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