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1. Introduction

Accurate knowledge of Fission Product Yields (FPY) is fundamental for nuclear reactor physics
and waste management. However, experimental data for neutron-induced fission are often
sparse. This work explores the application of Gaussian Process Regression (GPR) to evaluate

independent fission charge yields and investigate their energy dependence across actinide tar-
gets.

2. Data Acquisition & Methodology

The GPR framework was trained using a dual-model approach:

= Model A (Baseline): Trained on evaluated data extracted from the JENDL-5 library via
automated scraping.

= Model C (Extended): Augmented with synthetic datasets generated by the GEF code
(from Thermal to 20 MeV) to fill gaps in incident energy distributions.

Kernel optimization via Akaike Information Criterion (AIC) selected a composite Matérn +
Rational Quadratic + White Noise ARD kernel. This architecture effectively captures smooth
physical trends, multi-scale variations, and aleatoric uncertainties:

k(z,2') = o (kMatém(az, ') + krolz, a:’)) + 025, .

3. Physical Feature Sensitivity (ARD)

Automatic Relevance Determination (ARD) extracts the inverse length-scale (1/£) of each fea-
ture, revealing its physical significance. The analysis confirms that Fragment Charge (Z) domi-
nates the process, while Incident Energy (£,,) heavily influences the extended model.

Unified Physical Feature Sensitivity Analysis (1// Comparison)
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Figure 1. Feature sensitivity comparison between JENDL-5 and the Extended Hybrid Model.

4. Global Cognitive Interpretation (SHAP)

Shapley Additive Explanations (SHAP) decode the GPR’s internal logic. The global interpretation
Illustrates how the model incorporates asymmetric structural distributions alongside energy-
dependent phenomenological variations.
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Figure 2. Global SHAP values for Model C (Extended Framework).

5. Physics Extraction: Fission Valley Filling

A key indicator of a successful fission model is its ability to replicate the Peak-to-Valley (P/V) ratio
transition. As incident neutron energy increases, shell effects wash out, and symmetric fission
modes activate. Model C perfectly maps this transition up to 20 MeV.

Fission Valley Filling (P/V Ratio) vs Target Charge Element
[Model C - Extended Framework]
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Figure 3. Evolution of the P/V ratio across energies, demonstrating the filling of the symmetry valley.

6. Blind Validation vs. EXFOR Experimental Data

To assess true predictive power, the GPR models were benchmarked against unseen experi-
mental data from the EXFOR database. The Extended Model (Model C) demonstrates supe-
rior performance, yielding lower reduced chi-squared (y?) values and accurately reconstructing

the distributions even when experimental measurements are incomplete (e.g., partial peaks in
245C ).
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Figure 4: Comparative benchmarks showing GPR predictions vs. EXFOR data.

7. Conclusions

= Physical Robustness: The hybrid GPR approach successfully maps fundamental evaluated
ibraries JENDL-5) and physical phenomenology simulated by GEF (Valley Filling,
Odd-Even staggering).

= Generalization: The model acts as an automated, uncertainty-aware tool, successfully
predicting distributions for systems with missing or partial data (e.g., >*Cm).

= Impact: This framework offers a reliable alternative for generating nuclear data in regions
where experimental setups are unfeasible, critical for fast-reactor designs.
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