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MOTIVATION:.:

Towards a single framework for profile prediction of tokamaks and stellarators
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Profile prediction — predicting steady state kinetic profiles from operating parameters
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Steady state plasma requires flux
balance in every channel, with
RHS set by operating parameters

Nonlinear flux-tube
gyrokinetic code computes
local fluxes from gradients

Local gradients can be
extrapolated and integrated to
obtain kinetic profiles
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Profile prediction solves the inverse problem of computing
profiles from fluxes

Flux matched profiles are crucial for predicting reactor performances and constraining experimental interpretations
 Performance metrics such as Q,,sics and 7 are functions of volume averaged density and temperature, which are highly sensitive

to profile effects
» Instabilities are stabilized/destabilized by coupled effects of various gradients, and small variations within experimental uncertainty

can result in very different dominant modes observed 1PBOS(
y,2)
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Profile prediction can be done at varying levels of fidelity and accuracy 0.134a*28ROC4PO0IndP* B84t

« Empirical scaling e.g. IPB98(y,2) and 1SS04 provides a fast 0D estimate, but oversimplifies physics, and extrapolations are unreliable
» Profile prediction with quasilinear codes can be quick, but sensitive to choice of saturation models

« Profile prediction with nonlinear gyrokinetic codes is the gold standard, but is can be resource-intensive

PORTALS accelerates this iterative process through surrogate-based optimization
« PORTALS [1] creates surrogate models with Bayesian optimization

« Surrogate models are used to iteratively pick the next set of gradients to evaluate

« Evaluation is performed with high-fidelity nonlinear gyrokinetic codes

GX is a promising new gyrokinetic code but requires more benchmarking and validation
« Axisymmetric and non-axisymmetric geometries, efficient discretization algorithm, GPU-native [2]
« Benchmarking only done in limited cases, no attempts at validation, significant usage for stellarator profile prediction [3]

Coupling GX to PORTALS could enable a fast, high-fidelity profile prediction
framework applicable to both tokamak and stellarator geometries
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1. Does GX accurately capture the full spectrum of turbulence physics?

results for an ASDEX Upgra

 |ITG is well-captured, but TEM and MTM are overdamped due to simplified collision

de (AUG) negative triangularity plasma

operator and geometry parameters
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Is GX suitable for profile prediction?
Applied GX for tokamak profile prediction for the first time, validating results with

experimental profiles and PORTALS-CGYRO predicted profiles

 T; and n, profiles match well with experiment and PORTALS-CGYRO, but T, profile

shows discrepancy due
Future work:

» PORTALS-GX now works with both tokamak (Miller) and stellarator (VMEC) geometries,

but not yet tested

to stronger sensitivity to TEM drive

Performed light benchmark of GX against CGYRO, comparing linear and nonlinear
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Benchmarking GX against CGYRO at the highest available physics fidelity Coupling GX to the PORTALS integrated modelling framework Validating PORTALS-GX predicted profile with experimentally measured profile
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Nonlinear comparison: ITG-dominant locations are well-matched
« Atr/a = 0.55~0.90, generally decent agreement (within ~10%) despite inconsistent linear results
- At r/a =035, fluxes are overestimated by orders of magnitude due to pile up at low k,p; = flux-matched condition may

significantly reduce gradient and stabilize this mode
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