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The presentation describes the development of a preconditioned iterative solver for
large dense complex-valued linear systems arising from a fusion application for modeling
the interaction of plasma and radio waves.

The next step toward fusion as a practical energy source is the design and construc-
tion of ITER (www.iter.org), a device capable of producing and controlling the high
performance plasma required for self-sustaining fusion reactions, i.e. “burning plasma”.
Computer simulation is providing significant insight into how this can be accomplished.
The AORSA [1] (All ORders Spectral Algorithm) simulation program, developed within
the Scientific Discovery through Advanced Computing (SciDAC) project Numerical Com-
putation of Wave Plasma Interactions in Multi-dimensional Systems, has demonstrated
how electromagnetic waves can be used for driving current flow, and heating and con-
trolling instabilities in the plasma. AORSA provides high resolution, two-dimensional
solutions for mode conversion and high harmonic fast wave heating in tokamak plasma.

AORSA models the heating response of plasma due to radio frequency (RF) waves. The
plasma state is described by a distribution function f,(r,v,¢). For RF application, the fast
wave time scale leads to effective approximation of the electric field, magnetic field and
distribution function as a time-averaged equilibrium part (Eq, Bg, f°) and a rapidly os-
cillating time-harmonic part, (E(r) exp(—iwt), B(r) exp(—iwt), fl(r,v)exp(—iwt)). The
time harmonic terms satisfy the generalized Helmholtz equation,
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where w is the frequency of wave, J, is the plasma current induced by the wave fields,
and o(f2,r, 1’ t,t') is the plasma conductivity kernel. Fourier modes are used as basis
functions to represent the electric field. Collocation on a M x M rectangular grid is used
to construct a complex linear system of size N =3 x M x M.

A computational kernel is the construction and solution of a system of large dense
complex valued linear equations. A high performance direct solver based on HPL (High
Performance Linpack) has been developed to solve very large problems (N over 500,000) on
20,000 processors. The high O(N?3) cost for LU factorization motivates the development
of an iterative solver. Due to the very large problem size and complex nature of the
system, finding an effective preconditioner is a challenge. We explore the use of inverse
Fourier transformation of the system into real space and consider the use of Kronecker
product approximation as the preconditioner.
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