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The present landscape of Finite Element Method (FEM) Multiphysics tools is largely dom-

inated by closed-source software geared towards small-scale simulations. This presents an op-

portunity to leverage the strengths of different open-source FEM packages in order to accel-

erate fusion simulations at HPC scales. In this work we present the results of merging an

MFEM [4] backend into MOOSE [1] which bypasses MOOSE’s default FEM library libmesh [3].

MFEM-enabled MOOSE (formerly known as Platypus [2]) now supports GPU acceleration (both

HIP and CUDA backends), high-order finite elements spanning the de Rham complex, and partial

assembly, to name a few features. We present a general overview of MOOSE’s most recent ca-

pabilities, including but not limited to Adaptive Mesh Refinement (AMR), Low-Order-Refined

(LOR) solvers, frequency-space simulations, transient multi-apps, matrix-free runs, and closed-

coil solves. We also analyse MOOSE’s performance in large-scale fusion-relevant problems like

UKAEA’s upcoming experiment HIVE [5], and a GPU-accelerated gravitational loading simu-

lation on the MAST-U tokamak with O(108) elements.
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