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Abstract

bromine radioisotopes.

This work investigates the thick target yield (TTY) of proton-induced reactions on selenium for the production of theranostic bromine radioisotopes
“Br and ""Br. Cross-section data were obtained from two sources: experimental data reconstructed using machine learning models and theoretical
predictions from the TALYS-2.0 code. Two main reactions, "Se(p, n)™®Br and "Se(p, n)""Br, along with their impurity-producing competing channels,
were analyzed to determine the optimal energy ranges for high-yield and high-purity production. Stopping power data from SRIM were used to
account for proton energy loss through a 1 mm selenium target. The results define the effective energy windows suitable for cyclotron production of

Introduction

Bromine radioisotopes "“Br and “"Br are of significant interest in nuclear
medicine due to their complementary imaging and therapeutic properties;
“Br (half-life ~ 16 h) is a positron emitter suitable for PET imaging, while
"Br (half-life ~ 57 h) is a beta-minus emitter useful for targeted radiother-
apy. They can be produced via proton-induced reactions on selenium iso-
topes "*Se and ""Se, where evaluating the TTY and isotopic purity is essen-
tial for optimizing production efficiency. Impurity formation through com-
peting channels, such as "°Se(p, 2n)Br and ""Se(p, 2n)™Br, can reduce the
final product quality. While the TALYS nuclear reaction code provides the-
oretical cross-section predictions, its accuracy may decrease in resonance
regions. ML models have recently emerged as complementary tools for
reconstructing and predicting reaction data. This study compares TTY re-
sults derived from TALYS and ML-based cross-sections to identify optimal
proton energy ranges for the efficient production of bromine theranostic
iIsotopes [1, 2].

Materials and Methods

The yield was determined using the following relation:
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where N, is Avogadro’s number, H is the isotopic enrichment fraction,
M is the molar mass of the target isotope, z is the projectile charge, q¢.

is the elementary charge, d—f is the stopping power, and o(FE) represents

the reaction cross-section as a function of proton energy. The integration
limits Ei,. and Een correspond to the incident and emergent proton en-
ergies, respectively. The reaction cross-section data were obtained from
two sources: theoretical calculations using the TALYS-2.0 nuclear reaction
code [3] and machine learning predictions based on the Random Forest
model developed in our previous work [4]. Stopping power data were ob-
tained from the SRIM software [5]. The integration limits were determined
based on the calculated energy loss and projectile motion through a 1 mm
selenium target using the SRIM stopping power data. The integral was
evaluated numerically to obtain the thick target yield.

In both cases, ML-based results predict slightly higher yields near the
peak energy region compared with TALYS, indicating better agreement
with the experimental trend at moderate proton energies.
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Figure 1: Thick target yield comparison for 7"Br (left) and "Br (right) reactions based on TALYS and ML data.

The isotopic purity analysis for both reactions is presented in Figure 2.
The left panel corresponds to the ""Se(p, n)""Br reaction and its impurity
"“Br, while the right panel shows the Se(p, n)"°Br reaction and its impurity
“Br. For both reactions, the purity remains above 98% within the
low-energy region, indicating that optimal production conditions lie below
approximately 16 MeV for “Br and 8 MeV for ""Br.
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Figure 2: Isotopic purity and impurity ratio for “"Br (left) and "®Br (right) production as functions of incident proton energy.

Results and Discussion

The calculated thick target yields for both reactions are shown in Figure 1.
The left panel corresponds to the 7"Se(p, n)""Br reaction and its impurity
channel 7"Se(p, 2n)*Br, while the right panel presents the "Se(p, n)°Br and
“Se(p, 2n)°Br reactions.

Conclusions

In this study, the thick target yields of proton-induced reactions on selenium
for the production of "Br and ""Br were calculated using both TALYS the-
oretical data and ML predictions. The ML-based results generally showed
higher agreement with experimental trends and slightly greater yield val-
ues in the peak regions compared to TALYS. Isotopic purity analysis in-
dicated that optimal proton energy ranges for high-purity production are

below 16 MeV for "°Br and below 8 MeV for ""Br. These results demon-
strate the potential of ML-assisted nuclear data reconstruction to enhance

predictive accuracy.
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