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Shot preparation and tokamak controller design require accurate, fast, and robust models to

predict the plasma state, including the turbulent transport coefficients, and its evolution in time.

Current quasi-linear gyrokinetic transport models provide a 106-factor speedup compared to

the full local non-linear gyrokinetic simulations, while retaining satisfactory agreement with

experiments in the plasma core for many regimes. However, these quasi-linear models still

demand ∼100 CPUh for 1 s of JET plasma evolution. By emulating quasi-linear models with

neural networks, the aim is to close the remaining tractability gap for such applications.

This study undertakes the integration of a neural network model of the turbulent heat and

particle transport into the fast tokamak simulator, RAPTOR [1]. The initial neural network is

trained on outputs of the QuaLiKiz quasi-linear gyrokinetic model [2], whose training set is

based on a 10D hyper-rectangle of input parameters [3]. This is significantly higher dimension-

ality than the existing proof of principle [4]. Additionally, the development of a database for

training large-dimensionality (∼ 20D) neural network models is currently underway, initially

focusing on JET-relevant parameter space. QuaLiKiz calculations will be performed on a wide

representative set of JET discharges, limiting the 20D training set inputs to a relevant subspace.

The workflow of kinetic profile extraction from JET database, with the inclusion of Gaussian

process fitting [5] for plasma profiles, is underway. Including sources in the database then al-

lows for widespread validation of the 20D neural network through fast integrated modelling

with RAPTOR and comparison to the profile database.
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