
The grace-mp gets the 
periodicity wrong.

The -omat models give 
consistent predictions.

Benchmarking foundation models for simulating 
radiation damage in iron alloys

Lakshmi Shenoy*, Chris Race
School of Chemical Materials and Biological Engineering, University of Sheffield, United Kingdom

*email: l.shenoy@sheffield.ac.uk

1. Race, Christopher. The modelling of radiation damage in metals using Ehrenfest dynamics. 
Springer Science & Business Media, 2011.

2. I. Batatia, Ilyes, et al. "A foundation model for atomistic materials chemistry." arXiv 
preprint arXiv:2401.00096 (2023).

3. Bochkarev, Anton, Yury Lysogorskiy, and Ralf Drautz. "Graph atomic cluster expansion 
for semilocal interactions beyond equivariant message passing." Physical Review X 14.2 
(2024): 021036. 

4. Olsson, Pär, C. S. Becquart, and C. Domain. "Ab initio threshold displacement energies in 
iron." Materials Research Letters 4.4 (2016): 219-225.

5. Dragoni, Daniele, et al. "Achieving DFT accuracy with a machine-learning interatomic 
potential: Thermomechanics and defects in bcc ferromagnetic iron." Physical Review 
Materials2.1 (2018): 013808.

Foundation MLIPs
Schematic from Ref. [2]:

Radiation Damage Modelling

Database Name Num. Configs
mp Materials Project Trj. ~1.5 million

mpa +Alexandria Mat. Db. + ~5 million

omat Open Materials 2024 ~100 million

Recent advances in MLIPs 
allow them to be trained 
across many elements, giving 
foundation models that can be 
used for complex alloys and a 
wide range of  properties. We 
test six pre-trained foundation
models - two MLIP frameworks, MACE [2] and 
GRACE [3], each trained on three databases (see 
table below) - for modelling typical high energy 
environments seen in iron collision cascades.
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Schematic from Ref. [1], 
depicting collision cascade stages:
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Solutes of Eurofer Steel

The mace/grace-mp seem to 
over/underestimate energy variations.

The grace-mp is too 
hard, overestimating 
short-range forces.

The mace models 
correctly predict 

repulsive profiles, with 
mace-omat being the 
closest match to ZBL

The mace/grace-omat models over/under-
estimate iron vacancy formation energies.

Both -mp models (blue) 
underestimate all the iron 
vacancy and self-interstitial 
formation energies tested.

All models correctly predict the relative 
stabilities of the different iron dumbbells.

The –mpa models predict 
vacancy formation 
energies in good 
agreement with DFT.

All models rightly 
predict that carbon 
and nitrogen solutes 

favour interstitial 
sites over entering 

the iron lattice 
substitutionally, and 
that the octahedral 
interstitial site is 

more stable than the 
tetrahedral site. 

The mace-mp (blue) 
underestimates the 
energy differences, 
while grace-mp is 
not plotted as the 
calculation did not 

converge.

The mace-omat 
predicts that bound 
solute-vacancy pairs 
are more stable than 
isolated solutes and 

monovacancies in the 
iron lattice, for all 
four substitutional 

solutes V, Cr, Mn & W, 
while grace-omat 

predicts that Cr & Mn 
are marginally more 
stable away from the 

monovacancy. 

The two –omat models agree up to 
second nearest neighbour solute-vac 

interaction and diverge at larger 
separations.
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