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2-D Weak scaling
 (DoF/# nodes ~ 1.5 M)

3-D weak scaling 
(DoF/# nodes ~ .25 M)

Free, lightweight, scalable C++ library for finite element 
methods. Supports arbitrary high order discretizations and 
meshes for a wide variety of applications.

http://mfem.org 

▪ Flexible discretizations on unstructured grids

Triangular, quadrilateral, tetrahedral and hexahedral meshes.

Local conforming and non-conforming refinement.

Bilinear/linear forms for variety of methods: Galerkin, DG, DPG, …

▪ High-order and scalable

Arbitrary-order H1, H(curl), H(div)- and L2 elements. Arbitrary order 
curvilinear meshes.

MPI scalable to millions of cores. Enables application development 
on wide variety of platforms: from laptops to exascale machines.

▪ Built-in solvers and visualization

Integrated with: HYPRE, SUNDIALS, PETSc, SUPERLU, …

Accurate and flexible visualization with VisIt and GLVis

▪ Open-source software

LGPL-2.1 with thousands of downloads/year worldwide.

Available on GitHub. Part of ECP’s CEED co-design center.

High order 
curved elements

Surface 
meshes

Compressible flow 
ALE simulations

Lawrence Livermore National Laboratory

Parallel non-conforming AMR

Heart 
modelling
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… and is extended to 3D
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How does the density perturbation in front of 
antenna impact RF wave propagation?
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Significantly outperforms previous solvers up to 25x speedup
• Scaled up to 125K cores (12B unknowns) 

• Solves previously intractable problems

Recent application of AMS to 
high-order geo-electromagnetic 
case

AMS has been used for definite 
Maxwell’s equations only, and plan 
is to test AMS on the cold plasma 
indefinite Maxwell’s equation 

2nd order AMR for a Kronotsky volcano model with ~12K-170K cells 
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• Turbulence affects RF propagation

- Turbulent transport affects the mean density profile -> affects RF 
propagation, launcher coupling, and RF-sheath interactions

- Large-amplitude filaments (=“blobs”) and resistive drift-wave 
fluctuations can scatter RF 

• RF and associated launching structures affect turbulence

- RF sheaths can directly seed instabilities

- RF sheaths and ponderomotive forces result in flows 

- These can

● stabilize turbulence (e.g., via shear flow)

● or destabilize (e.g., via Kelvin-Helmholtz drives)
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True 3D LH wave simulation indicates that the LH 
wave field pattern could be significantly altered
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Coupled Eqs.
1) RF wave field determines the displacement, 

thus the RF sheath voltage.
2) Gradient of RF sheath voltage determines 

the boundary condition for RF electric field.
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