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Motivation  & Goals

Compact fusion reactors introduce 
challenges in the management of the 
damage to the magnetic system *

Choice of the shielding  material  
is  crucial :

- Radiation  attenuation

- Structural  stability  at 
operating  conditions

- Lowest  possible  cost of the 
material 14.06 

MeV

*In ARC -type  (Affordable  
Robust  Compact) reactor , the 
expected  neutrons  production 
is 1.8 ×  10 20 n/s

Meschini, S., Ferry, S. E., Delaporte -
Mathurin, R., & Whyte, D. G. (2023). 
Modeling and analysis of the tritium fuel 
cycle for ARC - and STEP -class D -T 
fusion power plants . Nuclear Fusion, 
63(12), 126005. 
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shielding

Combine Monte Carlo transport 
and activation to rank materials 
by shielding, power deposition 
density, and activation properties

The result was twofold:

- Identifying good candidates for 
shielding components

- Creating a dataset of shielding 
properties that can be used for 
future studies *

*Extensions,
AI-driven  
modelization , 
experimental  
validations
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Materials  dataset

Source: Materials Project (database) for 
compositions and densities

Filters in the selection *: stable binary 
compounds including light period -2 
elements and heavy element with Z ≤ 92

Brute -force querying 
approach through the use 
of the Materials Project 
API (mp -api )

*Why these constraints?

Light elements  are effcient  moderators , removing  energy 
from fast neutrons

Heavier  elements  provide high stopping  power thanks to high 
neutron  capture  or reflection  cross -section

Li, Y., Zhou, F., Hao, Y., Ma, X., Ji, P., Zhang, X., 
& Yuan, S. (2022 ). New cross section 
measurements on tungsten isotopes around 14 
MeV neutrons and their excitation functions . 
Chinese Physics C, 46(5), 054003.

Jaehong Lee, Fumiaki Ito, Kota Hironaka, Tone 
Takahashi, Satoshi Suzuki &Mitsuo Koizumi (2022): 
Designs and neutronic characteristics of an epithermal 
neutron moderatorat ambient temperature for neutron 
time-of-flight measurements , Journal of Nuclear 
Science andTechnology



MC tools & geometry

Transport code: PHITS (version 3.341) with 
JENDL -4.0 nuclear data

Activation: DCHAIN code coupled to PHITS

Simplified toroidal shell :

- Major radius R =300 cm

- Minor inner radius r=110 cm

- Thickness d=20 cm

Geometry: PHITS native CSG framework

Neutron flux 
spectrum 
implemented as the 
irradiation source

Ledda, F.; Pettinari , D.; Ferrero, G.; Hartwig, 
Z.; Laviano, F.; Meschini, S.; Sparacio, S.; 
Testoni , R.; Torsello , D. et al. 3D
neutronic analysis on compact fusion 
reactors: PHITS -OpenMC cross -comparison . 
Fusion Eng. Des. 2024, 202, 114323



Key metrics

Metrics used to evaluate materials:

- Neutron Flux Ratio (NFR): 
outgoing/incoming integrated neutron 
flux

- Power Deposition Density (PDD): 
W/m³ — impacts cooling and 
temperature window

- Gamma -ray emission

- Availability of the elements (costs)

- Activation of the material: short -term 
maintenance and end -of-life cases

Crucial 
parameters: 
NFR vs PDD

Each figure provide a 
multi-dimensional 
comparison of shielding 
performance metrics 
(here NFR, PDD and 
abundance)
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Full dataset: overview

More than 700 compounds analyzed

Trends:

- Hydrides and borides stand out: 
lowest NFR values overall

- Density alone is not a sufficient 
predictor

- Composition and microscopic cross -
sections matter *

*Peaks of low neutrons absorption 
attributable to high nuclear stability of 
the heavy element in the compound

* * *



First Selection

From this dataset, we select two subgroups 
of hydrides and borides that satisfies several 
physical and technological constraints:

- Low Neutron Flux Ratio (< 3.5%), low 
enough Power Deposition Density

- High melting temperature, non -toxicity 
of the compound

- Abundance in the Earth’s crust, 
availability (costs)

Best candidates :
two subsets of hydrides and boride s
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Borides : characteristics

- High enough melting temperature, 
relatively low gamma -ray emission, 
except for MnB4 *

*This emission is attributable to the 
55Mn(n, 𝛾) → 56Mn reaction
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with lower PDD vs hydrides



Borides : characteristics

Trends :

- Moderate -to-good shielding properties 
with lower PDD vs hydrides

Top borides:

TaB 2, B 2W, MnB 4, Ta 5B 6, HfB 2,Ta 3B 4, BRh , 
B 2Os, B 3Os 2

- High enough melting temperature, 
relatively low gamma -ray emission, 
except for MnB4 *
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Hydrides : characteristics

Trends :

- Hydrides provide the best neutron 
attenuation (lowest NFR), but higher PDD

- High er melting temperature and slightly 
higher gamma -ray product ion vs 
borides

Top hydrides :

ZrH 2, NbH 2, VH 2, TiH 2, TmH 3, ErH 3, NiH , 
HfH 2, TaH 2
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Top C andidate M aterials  

Despite their poorer shielding 
performance, borides can be 
preferable in some neutron control 
applications and have lower PDD

Materials available only under 
extreme, laboratory -level conditions 
are not considered

ZrH2 was added: it is widely used in 
fusion applications and zirconium 
has higher abundance with respect 
to other heavy elements



Activation  & End - of - Life

Activation profiles were 
calculated with DCHAIN for 
maintenance and for 10 
full power years end -of- life

Hydrides : faster decay for some (e.g., VH 2), TiH 2 shows low long -term 
activity

Borides : higher residual activity even after long shutdown periods
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Conclusions

Hydrides (especially TiH 2) emerge as best 
compromise: lowest NFR, relatively low PDD and 
manageable activation

Borides are good alternatives when lower PDD and 
thermal robustness are critical

Next steps:

- Extension to ternary compounds or 
combination of binary compounds

- Engineering integration of these result s

Materials  
simulations

Physics CostraintsGeometry

Optimized  components  for 
fusion technology



Thanks for your  attention !
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