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Motivation 

Superconducting cables and efficient energy delivery 

● Applications 

● Basic science 

Understanding the behavior of complex driven systems 

Vortex matter: 
• Lattice (low T)  Melt   Liquid (high T) 
• Control vortex liquid “viscosity” to minimize dissipation via inclusions 
Vortex “avalanches” 

Main obstacles to “superefficiency”: 
• Dissipative motion of disordered 

arrays of magnetic field vortices 

Model 

● Extensions to TDGL 

● Time-dependent Ginzburg-Landau 

• Coupling to temperature diffusion 
• Effects of elastic strain 
• Important both for applications and basic science 
• Result in larger coupled systems 
• Capture at the microlevel effects like penetration avalanches (macrosimulation below) 

Geometry 

● Magnetic vortices pinned by inclusions 

● Critical current enhanced by pinning 

 
 
 
 

 
 

Simulation  

● Long-time integration 

Software/algorithm stack 

● Leveraging power of SciDAC Institutes 

Scalability Sampling Robust optimization 

● Optimization of inclusion geometry 
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Data Analysis & Visualization Team 

libMesh 
(mesh/AMR) 

TAO 
(optimization) 

 
 
 

 

SUPER 

Performance tuning 

 
 
 

 

FASTMath 

PETSc 
(core solvers) 

CUBIT 
(meshing) 

MOOSE 
(FEM) 

Paraview 
(viz) 

• Critical current determined by long-time evolution of TDGL (to stationary flow) 
• Dominated by rare events of vortex depinning and avalanches 
• Frequency and duration of pinning/depinning depends on configurations of inclusions 
• Suitable pinning configurations must be determined using geometry optimization 

preferred maximum 

● Adaptive mesh refinement/derefinement 

• AMR should maintain fine mesh in regions of high vorticity 


