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To support the operation of large-scale high-performance fusion devices, integrated plasma

models must be further developed for high-throughput and tested for predictive capabilities.

The dominant transport mechanism in tokamak plasmas come from microturbulent processes.

However, turbulent transport models are typically the computational bottleneck within inte-

grated modelling applications, limiting their use in scenario optimization and control-oriented

modelling. This work showcases the development of neural network (NN) surrogates of the

QuaLiKiz reduced gyrokinetic model [1, 2], which have significantly accelerated it while re-

taining sufficient accuracy for high-fidelity simulations [3, 4].

The training dataset defines 15 local plasma parameters as inputs, sampled using experimen-

tal profile data [5] from the JET tokamak. This method avoids the prohibitively large number

of points required for 15D lattice sampling. As turbulent transport is highly sensitive to plasma

gradients, the statistics of these parameters were improved using the ±1σ uncertainties pro-

vided by Gaussian process regression profile fits [6]. The NN was trained on a dataset of ∼30

million data points using a physics-informed pipeline developed in a previous work [4]. Due

to the ambiguity of the training set boundary location, committee NNs were used to identify

possible extrapolation regions. The heat, particle, and momentum transport predictions of the

resulting NN, named QLKNN-jetexp-15D, agree well with the original QuaLiKiz model within

the training set boundaries and is calculated 104 times faster. Validation was also performed

within an integrated modelling framework, JINTRAC [7], on a large range of established plasma

scenarios, e.g. H-mode, L-mode, ohmic, hybrid, ramp-up. The source-driven plasma profiles

computed using JINTRAC+QLKNN are within 10% of those from JINTRAC+QuaLiKiz with

a factor ∼100 speedup. The lesser acceleration in the integrated model is due to another physics

module becoming the bottleneck. This work enables gyrokinetic turbulent transport results to be

used in routine plasma analysis and scenario optimization, e.g. upcoming JET deuterium-tritium

campaigns planning and plasma ramp-up q profile tailoring.
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