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Motivation

▪Eigenanalysis of Cavities

9-cell cavity

Beam
tube

Downstream
HOM
coupler

Input coupler

Upstream
HOM
coupler

High precision cavity 
simulations using FEM 

on tetrahedral mesh
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Computational Model

▪Numerical Eigenanalysis for Resonant Structures
- Algebraic problem definition

- Generally available solver types
• Krylov-type solver methods with linearization

• Rational Krylov-type methods with linearization

• MOR-type solver methods

• Contour integral methods

• Jacobi-Davidson with fixed-point iteration Critical step:
Subspace expansion
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Computational Model

▪ Jacobi-Davidson method
- Important properties

• Direct solution difficult because of dense matrix in correction equation.
• Iterative solution not immediately applicable because vectors

with are not mapped back onto again.

- Preconditioning
• The JD - preconditioner

retains the property for any preconditioner .

Simplest case: 
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Computational Model

▪Numerical formulation
- Implementation

contribution of
element-matrices
ready availabe
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Computational Model

▪Numerical formulation
- Function definition
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Computational Model

▪Numerical formulation
- Function definition
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Computational Model

▪Numerical formulation
- Function definition
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FEM20: higher order approximation
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Numerical Examples

▪Spherical Resonators
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Loss-less resonator Lossy resonator

Vacuum

Copper

Vacuum

Grid:
32 elements
80 faces
66 edges
19 nodes

132 DOF 292 DOF



Numerical Examples

▪Spherical Resonators
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Numerical Examples

▪Properties of the Matrix Pencil
- Eigenvalue distribution
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Numerical Examples

▪Properties of the Matrix Pencil
- Population pattern for the loss-less case
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Numerical Examples

▪Properties of the System Matrix
- Population pattern for the loss-less case
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Numerical Examples

▪Properties of the System Matrix
- Population pattern for the loss-less case
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Numerical Examples

▪Properties of the System Matrix
- Population pattern for the loss-less case
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Numerical Examples

▪Properties of the System Matrix
- Population pattern for the loss-less case
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Numerical Examples

▪Properties of the System Matrix
- Population pattern for the loss-less case
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Numerical Examples

▪Properties of the System Matrix
- Population pattern for the loss-less case
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Numerical Examples

▪Properties of the System Matrix
- Population pattern for the loss-less case
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Numerical Examples

▪Properties of the System Matrix
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Numerical Examples
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Numerical Examples

▪Properties of the Matrix Pencil
- Eigenvalue distribution
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Numerical Examples

▪Properties of the Matrix Pencil
- Eigenvalue distribution
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Numerical Examples

▪Properties of the Matrix Pencil
- Population pattern for the lossy case
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Numerical Examples

▪Properties of the System Matrix
- Population pattern for the lossy case
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Numerical Examples

▪Properties of the System Matrix
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Numerical Examples

▪Properties of the System Matrix
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Numerical Examples

▪Properties of the System Matrix
- Population pattern for the lossy case
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Numerical Examples

▪Properties of the System Matrix
- Population pattern for the lossy case
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Numerical Examples

▪Selection of an Efficient Preconditioner
- Two-Level Approach for higher-order field approximation
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Numerical Examples

▪Selection of Available Preconditioner (PETSc)
- Block Jacobi

- Block Gauss-Seidel

- Symmetric block Gauss-Seidel
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Numerical Examples

▪Eigenanalysis of a single TESLA Cavity
- Concentration on the fundamental mode

- JD Eigenvalue Solver, subspace expansion
• SuperLU (direct solver for large sparse systems of linear equations)

• Symmetric block Gauss-Seidel (two level strategy)
- M11: Direct solver “Super LU” as preconditioner
- M22: Diagonal preconditioner
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Numerical Examples

▪Eigenanalysis of a single TESLA Cavity
- Jacobi-Davidson Eigenvalue-Solver Statistics
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Summary / Outlook

▪Summary
- Implementation of a block preconditioner into a nonlinear 
Jacobi-Davidson eigenvalue solver (PETSc index sets)

- Block structure is motivated by the hierarchical setup of the 
underlying FEM basis functions

- Flexible selection of individual block solver from the 
command line without recompiling the code (PETSc feature)

- Usage of block solver can reduce total memory consumption

▪Outlook
- Implementation of periodic boundary condition started
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