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ABSTRACT

Actinium-225 (?2°Ac), a promising alpha-emitting radionuclide for targeted alpha therapy (TAT), offers a suitable half-life (9.9 days) and favorable decay
chain, yet its limited availability hinders widespread clinical use. Proton irradiation of thorium-232 (?3?Th(p,x)??°Ac) is a practical and efficient
production method. This study utilized the TALYS-2.0 nuclear reaction model to simulate the excitation functions of the 232Th(p,x)?2°Ac reaction, with
parameters optimized for better alignment with experimental cross section data. Additionally, two data driven models (Artificial Neural Network (ANN)

and Support Vector Regression (SVR)) were developed to predict reaction cross sections using experimental datasets. The physical yield of 22°Ac was
calculated via the integral yield formula at proton energies of 70, 90, and 150 MeV, evaluating vield as a function of irradiation time (at 250 pA beam
current) and beam current (at 24 h irradiation). Results demonstrate that ANN and SVR models outperform TALYS, providing higher and more accurate
yield predictions. These data driven approaches enhance the optimization of production parameters, paving the way for efficient 22°Ac generation to
support clinical applications.
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translation [1]. Among various production routes, proton irradiation of N
thorium-232 via the #*2Th(p,x)?**Ac reaction has proven to be the most
feasible and efficient approach [2]. Accurate estimation of production
yield under different irradiation conditions is therefore essential for
optimizing large-scale generation. In this study, both nuclear reaction
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CONCLUSICN

This study demonstrates the effectiveness of data-driven approaches in predicting the excitation function and production yield of 22°Ac through the 232Th(p,x)***Ac reaction.
The yield calculations were performed using ANN and SVR models combined with the TALYS nuclear reaction code. The machine learning predictions provided more accurate
yield estimations across all proton energies (70, 90, and 150 MeV) compared to TALYS results. These outcomes are consistent with our previous study, where the data-driven
models achieved superior agreement with experimental cross-section and yield data [4]. Overall, the present work confirms that machine learning—based modeling is a
powerful tool for optimizing irradiation parameters and improving the efficiency of 22°Ac production for medical applications.
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