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What is MOOSE?
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● Open source parallel multiphysics finite element 
framework from INL

● Built on the libMesh FE library (originally!)

● Active, large user community 
(>2.3k ⭐ on GitHub)
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Why MOOSE?
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● Modular design with extensive 
ecosystem of existing MOOSE apps - 
enabling coupling with external tools like 
NekRS, OpenMC, OpenFOAM…

● Simple user interface for defining 
nonlinear multiphysics problems

● Robust software quality assurance 
procedures - NQA-1 standard

● Wide range of existing validated 
multiphysics modules

Need for scalability, diverse (coupleable) multiphysics, and simplicity for end user
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https://mooseframework.inl.gov/modules/
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Getting Started

https://mooseframework.inl.gov/getting_started/install
ation/install_mfem.html 
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https://mooseframework.inl.gov/getting_started/installation/install_mfem.html
https://mooseframework.inl.gov/getting_started/installation/install_mfem.html
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Examples
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https://mooseframework.inl.gov/syntax/MFEM/examples_index.html

Linear ElasticityElectromagneticsThermal Physics
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Inputs MOOSE Builder Class Built MFEM-derived object(s)

MFEMProblem (all)

MFEMMesh,
MFEMSubMesh

mfem::ParMesh,
mfem::ParSubMesh

MFEMFESpace mfem::ParFiniteElementSpace

MFEMVariable mfem::ParGridFunction

MFEMParsedFunction,
MFEMQuadratureFunctionBase,

mfem::Coefficient,
mfem::QuadratureFunctionCoefficient

MFEMKernel,
MFEMBoundaryCondition

mfem::BilinearFormIntegrator,
mfem::MixedBilinearFormIntegrator,
mfem::LinearFormIntegrator,
mfem::NonlinearFormIntegrator

MFEMWeakForm† Moose::MFEM::EquationSystem (mfem::Operator)

MFEMLinearSolverBase,
MFEMNonlinearSolverBase

mfem::Solver

MFEMProblemComposer Moose::MFEM::ProblemOperator (mfem::Operator)

MFEMDataCollection mfem::DataCollection
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● MOOSE’s MultiApp orchestration 
commonly used to orchestrate 
execution of (coupled) FE problems 

● Helpful for coupling physics on 
different time and length scales

MultiApp Support
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https://mooseframework.inl.gov/syntax/MultiApps/
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● Interpolative transfers between MFEM and 
libMesh using GSLib, supporting:

○ First and second order scalar 
LAGRANGE variables, and lowest 
order MONOMIAL FEs between 
libMesh and MFEM

○ Transfers between dissimilar meshes
○ 2D and 3D transfers

● Interpolative MFEM/MFEM transfers using 
GSLib, supporting:

○ Transfers between scalar and vector 
FE types

○ Transfers between dissimilar meshes
○ Transfers between submeshes and 

parent meshes
○ 2D and 3D transfers

MFEM↔libMesh Interpolative Transfers
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https://mooseframework.inl.gov/syntax/MultiApps/



| OFFICIAL  |   MFEM in MOOSE: A Framework for Coupled Multiphysics   |  A. I. Blair et al.  | MFEM Community Workshop  | 24 Sep 202614

● Support added for 
mfem::NonlinearFormIntegrator 
contributions in 
Moose::MFEM::EquationSystem

● Nonlinear solvers available from both 
PETSc and native MFEM

● Nonlinear problems with nonlinear 
off-diagonal Jacobian contributions not 
yet supported

Nonlinear Problems

TEAM Problem 13 solved in MFEM-MOOSE        https://github.com/aurora-multiphysics/canary/pull/10
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Adaptive Mesh Refinement
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● Initial AMR support has been added 
to MFEM-MOOSE

● Both h- and p- refinement 
supported (but not simultaneously)
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Mixed Complex & Transient Systems
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https://mooseframework.inl.gov/syntax/MultiApps/

● Mixed complex and transient systems 
can now be set up from MOOSE 
inputs

● MixedSesquilinearForm and 
ParMixedSesquilinearForm added to 
MFEM to facilitate this
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Eigenproblems and DG Systems
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● Support for solving (real) 
eigenproblems has been 
added to MFEM-MOOSE

● DG problems can now also be 
set up in MOOSE, via the 
addition of boundary and 
interior face integrator 
contributions
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● New class for developers to easily wrap existing 
MFEM code into the MOOSE framework

● Can be used to define custom solvers, using 
MOOSE to construct as many (or as few) of the 
objects used as desired

● Facilitates MultiApp coupling of existing MFEM 
codes into MOOSE ecosystem

● See H. Rocha’s talk (up next)

Custom Problem Composers & Operators
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Upcoming

20

● Periodic mesh support (MOOSE PR #33337)

● Essential domain constraints (MOOSE PR #33624)

● Scalar integral constraints

● Perfectly matched layers (PML) and ‘infinite’ elements 
(MOOSE PR #33054)

● Generalized time integration schemes 

● Block nonlinear problems and AD
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SUNRISE
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Simplified MAST vacuum vessel mesh deformed under 
gravitational loads consisting of 127M elements solved on 
CPU (bottom) and on GPU (8 NVIDIA A100s, top right) using 
MFEM in MOOSE. Rendered displacements increased by 
x1000. Mesh provided by William Ellis (UKAEA).

Magnetic flux density around simplified MAST-U TF coilset 
solved for using an A-formulation using MFEM in MOOSE.

● EM/mechanical simulations on 
full-tokamak meshes of MAST-U are 
planned for deployment and 
benchmarking on the new UK 
supercomputer SUNRISE:

○ 1.4 MW
○ 672 AMD MI355X GPUs
○ 192 dual-socket Sapphire 

Rapids HBM 56-core CPU 
cluster
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Summary
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This work is part of the UKAEA’s Advanced Computing Research Portfolio, funded by the Department of Energy Security and Net Zero in support of the UK’s Fusion Strategy 
published in March 2026.

● MFEM in MOOSE has seen heavy development over the last year, adding support for solving 
nonlinear systems, eigenproblems, DG problems, and AMR (and more!)

● Particular focus has been spent on improving interoperability between MFEM-based and 
libMesh-based problems in MOOSE, via new data transfer options and support for custom MFEM 
problem operators.

● Over the next year, we are targeting deployment of MFEM-MOOSE on the UK’s new SUNRISE 
supercomputer on full-tokamak EM/mechanical simulations, with early access starting soon.


