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Prediction of off-target characteristic quantities on HL-2A device based on neural network

SUI Ancheng LI Zelong HUANG Qianhong DUAN Hao YU Peng TAN Qingyi GONG Xueyu

(University of South China, Hengyang 421001, China)

Abstract  [Background] The thermal flux and particle transport issues at the plasma boundary and divertor region
are core challenges for the long-term stable operation of future fusion reactors. Reducing the heat load on the divertor
target plate is the key to achieve steady-state operation. Injecting an appropriate amount of impurity gas can dissipate
energy, thereby reducing the target heat load. However, impurity transport may affect core confinement. Therefore, it
is necessary to study its impact mechanism on divertor heat load and plasma performance to provide theoretical
guidance and predictions for future experiments. SOLPS-ITER is one of the widely used boundary simulation codes,
but it has high computational cost and time consumption. [Purpose] This study aims to address the aforementioned
issues by integrating machine learning methods to accelerate simulation computation, which has emerged as an
important direction in current research. [Methods] Firstly, a high-efficiency prediction model was constructed using

machine learning methods, and normalization was applied for data processing. Then the dataset was split using the
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5-fold cross-validation method, and the Dropout layer was employed to address the model’ s overfitting issue, hence

to significantly improve the model’ s accuracy. [Results] The prediction results show that, compared with neon (Ne)

impurities, nitrogen (N) impurities can trigger detachment at a lower core boundary electron density; moreover, the

mean relative error between the model’ s prediction results and the SOLPS-ITER simulation results (based on the HL-

2A device) is approximately 2%. [Conclusion] The method proposed in this study not only optimizes the divertor

energy exhaust strategy and achieves efficient prediction of the particle flux density and electron temperature at the

target plate, but also improves computational efficiency, providing a reference for related experiments.

Key words HL-2A, Neural network, Target detachment
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Fig.1 Distribution of effects on inner/outer target plate electron temperature and particle flux density after injecting different
impurity species (N and Ne) at various rates into core boundary electron density (color online)
(a) Particle flux density variation at the inner target plate, (b) Electron temperature variation at the inner target plate, (c) Particle flux
density variation at the outer target plate, (d) Electron temperature variation at the outer target plate
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Table 1 Input features and output labels for the target
plate electron temperature prediction model
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Core-edge electron temperature (25~804 eV)
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Table 2 Input features and output labels for the particle
flux density prediction model at the target plate
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Table 3 Hyperparameter and loss function selection for predictive models of inner/outer target plates
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Fig.3 Topology diagram of fully connected neural network structure for prediction applications (color online)
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Fig.5 Comparison of model-predicted particle flux densities with SOLPS-ITER simulation results under N and Ne impurity
injection at different impurity injection rates, using unseen test sample (a, ¢, ¢) and comparison of predicted vs. actual particle flux
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Table 4 Evaluation indicators for particle flux density and electron temperature on the inner target plate
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b T P Particle flux density  0.051 0.226 0.174 2.12%
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Fig.6 (a) Learning curve of neural network for electron temperature prediction at inner target plate, (b) Regression fit plot of model
predictions vs. SOLPS-ITER simulation results (color online)
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