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Predicting core performance in magnetic confinement fusion devices requires accurately
modeling the balance between heating sources and transport mechanisms. However, the
nonlinear electromagnetic turbulence in tokamak and stellarator plasmas makes such
modeling computationally demanding, as capturing all relevant scales necessitates the use of
expensive nonlinear gyrokinetic simulations—currently the gold standard, as implemented in
codes such as CGYRO [1]. This talk presents the application of surrogate-based optimization
(SBO) methods for efficient integration with nonlinear gyrokinetic codes to perform
predictive transport modeling. The PORTALS workflow [2,3], which combines SBO
techniques with physics-informed guidance, has enabled the highest-fidelity predictions of
burning plasma core performance to date, achieved at a feasible computational cost. The use
of PORTALS, along with advances in high-performance computing acceleration of
gyrokinetic simulations, marks the beginning of a new era in core transport research—one in
which high-fidelity physics models can directly inform the design of next-generation fusion
devices. The talk will also highlight recent design studies demonstrating how early
incorporation of detailed physics insights and fidelity can enhance experimental design and
power plant optimization, leading to more efficient and confidently engineered fusion

plasmas.
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