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Compact fusion reactors are gaining attention as a faster route to commercial fusion due to

their smaller size and lower cost. However, this compactness brings challenges, particularly ra-

diation damage to the magnet system. Effective neutron shielding is therefore essential to ensure

the device’s lifetime, and its design must withstand the high radiation flux. Computational stud-

ies of neutron shielding have also been recognized as a key milestone in the fusion roadmap

[1]. For nuclear reactor applications, binary compounds are typically the preferred choice as

they can synergistically combine favorable nuclear properties by pairing an element with a high

neutron capture or reflection cross section, with another element that effectively thermalizes

neutrons or provides a mechanically stable matrix. In this work [2], we performed a system-

atic Monte Carlo study of 718 binary compounds, combining composition and density data

from the Materials Project database with transport simulations to assess shielding performance.

Simulations were carried out with the Particle and Heavy Ion Transport code System (PHITS)

(version 3.341), a Fortran-based Monte Carlo transport code widely used for radiation-damage

and shielding studies. The neutron spectrum was taken at the most highly loaded position of the

vacuum vessel, in a simplified geometry representative of compact fusion devices, and materials

were compared in terms of neutron attenuation, power deposition and gamma-ray production,

while also considering other crucial properties like activity levels and availability. This investi-

gation allowed us to select a series of ideal candidates for neutron shielding applications, and

suggests that this workflow can be extended to the extraction of many more compounds.
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