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Recent advances in efficient transport solvers have enabled nonlinear gyrokinetic profile
predictions, marking a paradigm shift in fusion modeling: high-fidelity projections of fusion
performance can now be made directly from first-principles turbulence simulations. This paper
presents the PORTALS framework [1, 2] and the key advancements that have enabled the
efficient solution to the inverse transport problem of delta-f transport models using surrogate-
based optimization and uncertainty quantification. PORTALS has been used to predict over 50
multi-channel (T,, T;, n,) flux-matched plasma profiles to date, spanning present-day
experiments (DIII-D [3], ASDEX Upgrade [4] and JET [5]) and future devices (SPARC [1, 6],
ITER [7] and ARC), supporting both validation efforts and design activities. This paper will
also discuss how PORTALS, coupled with nonlinear CGYRO [8] simulations, is used for the
projection of SPARC plasmas with high-fidelity turbulence modeling, revealing the importance
of edge pressure assumptions and impurity mixes in high-stiffness, ion-temperature-gradient
dominated turbulence regimes in near-breakeven and burning plasma conditions.
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