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Non-axisymmetric coil systems can produce steady-state magnetic fields with excellent
particle confinement properties. They are therefore promising candidates for magnetic
confinement fusion reactors, which would not require the generation of a strong plasma
current to achieve high performance, and would be inherently steady-state.

However, finding coil systems with these desirable properties is a difficult matter. The
number of degrees of freedom of the optimization problem is large (of the order of 50 –
100 at least), and most coil systems will lead to very poor confinement properties. The
fusion community has historically approached this complicated question by splitting the
problem in two stages: in the first stage, one searches for a physically desirable magnetic
configuration, and in the second stage, one designs coils which approximately produce this
magnetic field. While successful, a crucial limitation of that approach is its decoupling of
the physics and engineering objectives, and therefore its tendency to lead to coils which
are expensive to manufacture and position.

In order to address this issue, we present a new single-stage paradigm for coil design,
in which one directly optimizes the coils to achieve high physics performance [1]. Our
objective function combines physics targets and engineering constraints, which allows a
more thorough exploration of the trade-offs between confinement and engineering con-
straints. Furthermore, we rely on an adjoint method to compute the analytical gradient
of the objective, leading to efficient gradient-based optimization with good convergence
properties. We highlight several coil systems we obtained with this new approach and
demonstrate their good physics performance.
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