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Numerical simulations are essential tools in the study of the processes occurring in magnetically
confined plasmas, such as the anomalous transport (large amounts of energy and particles are
transported out of the hot core zone of the plasma) which is the result of the microinstabilities
in the plasma produced by gradients in the temperature, magnetic field and density. These
microinstabilities can be characterized by the analysis of the unstable modes in the linearized
gyrokinetic problem,

∂g

∂t
= L[g], (1)

where L is a time independent, complex, non-Hermitian integro-differential operator. Time
integration of (1) can only obtain the dominant unstable mode (with the largest growth rate).
However, for detailed analyses also the subdominant unstable modes are required, which can
be obtained via the partial eigendecomposition of L.

GENE [1] is a massively parallel code for plasma simulations that solves the linear and non-
linear gyrokinetic equations following an Eulerian approach. In GENE, the operator matrix
is never computed explicitly, but implemented in a highly parallelized and efficient matrix-free
form, allowing to deal with problems of sizes ranging from several hundred thousand for linear
simulations up to a few billion for nonlinear problems, for reasonably accurate models.

In GENE, the eigenvalue computations of the linear operator are carried out by means of
SLEPc, the Scalable Library for Eigenvalue Problem Computations [2]. SLEPc provides a
collection of parallel iterative eigensolvers on top of PETSc [3], some of them allowing the use
of a preconditioner for accelerating the convergence.

Due to the difficulty of building an efficient preconditioner based on a dense operator matrix,
which is not available in explicit form, previous works addressed the problem without precondi-
tioning. In particular, moderate success was obtained with the Krylov-Schur method combined
with the shift-and-invert spectral transformation [4] as well as employing the Jacobi-Davidson
method [5]. In this work, we analyze different preconditioning strategies in the context of
GENE.

The discretized operator L is obtained with a combination of spectral and finite difference
techniques. As a consequence, it can be split into a dense part Lφ and a sparse part Lg. The
latter matrix has a block diagonal sparse multi-banded structure because the differentiation is
done locally.
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This work considers the utilization of preconditioners based on the finite-difference part of the
operator, Lg, because it contains a representative part of the full operator and its structure
is adequate for building efficient preconditioners. We will present results for the inexact shift-
and-invert Krylov-Schur and Jacobi-Davidson methods, with several preconditioners including
domain decomposition techniques (block Jacobi and additive Schwarz) with incomplete fac-
torizations in each subdomain. We analyze the robustness and performance of the solvers in
realistic plasma containment devices such as tokamaks and stellarators.
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