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• Negative hydrogen ion sources (NHIS) are the preferred mode of 
plasma heating in tokamak devices. 
Accurate predictions of the H- density are crucial for the design.

• NHIS Global Model by W. Yang et al. (GMNHIS)[1] 
involves detailed pathways composed of ~1300 reactions to 
achieve high fidelity in reproducing the kinetics features.

[1] W. Yang et al, Physics of Plasmas 25, 113509 (2018)

GOAL
To increase the computational efficiency and 
improve the predictive capabilities of the plasma chemical model by combining 
machine learning & uncertainty quantification tools with the modeling expertise of 
Princeton Collaborative Low Temperature Plasma Research Facility



Global Sensitivity Analysis

3



PCE-Based Global Sensitivity Analysis

4[2] Debusschere, et al., SIAM J. Sci. Comput. 26(2), pp. 698-719 (2005)
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Divided the reactions in families and exposed their (initially hard-coded) parameters 

 GMNHIS
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From Perturbed Reactions to Sensitivity Indexes

Pressure [Pa]
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From Perturbed Reactions to Sensitivity Indexes

4. Used the expansion coefficients for retrieving Sobol total-order sensitivity indexes 

3. Constructed a polynomial chaos expansion
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P [Pa]

• Dissociation
• H-wall recombination
• Ion-wall recombination

Are the main responsible for the creation/depletion 
of principal colliding partners (H2, H, e)

• Ionization
• Electronic excitation



GSA-Based Reduction of the Chemical System
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Global sensitivity analysis can inform the construction of reduced chemical systems composed by: 
• Reactions characterized by Sobol total-order indexes larger than specified thresholds
• Species involved in those reactions

Advantages:
• Reduction of the computational cost due to lower dimensionality and decreased stiffness
• Increase in the predictive capabilities, as ad hoc experiments can be focused on the 

calibration of the most descriptive parameters

Pressure [Pa] Pressure [Pa] Pressure [Pa]

1303 Reactions
400 Reactions Relative Error



High-accuracy Reduced Order Model Surrogate 
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Conclusions
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Final Remarks
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Ongoing and Future Work
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• Calibrating rate coefficients using fake and experimental data via Bayesian inference

• Comparing global sensitivity analysis-based reductions
to graph ensemble-based techniques

• Comparing polynomial chaos expansion to alternative 
surrogate techniques (e.g. neural networks) 

• Working with Dr. Yang on improving the GMNHIS implementation 
(e.g., code versatility, code robustness, dynamic simulations, … )

• Analyze the time-dependent sensitivity

• Perturb the parameter model forms rather than their magnitude
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