Optimizing Stellarators with Hidden Symmetry
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Stellarators confine fusion plasmas using three-dimensional magnetic fields generated
primarily by external coils. They can operate in steady state and are less susceptible to
current-driven instabilities such as disruptions, but often suffer from poor particle
confinement. Improved confinement can be achieved by enforcing hidden symmetry—most
notably, quasisymmetry or, more generally, omnigenity. Here, we introduce a unified
framework [arXiv: 2502.09350] for optimizing advanced stellarator configurations, including
quasisymmetric, omnigenous, pseudosymmetric [Physics of Plasmas 6, 3174 (1999)], and
piecewise-omnigenous fields [Phys. Rev. Lett. 133, 185101 (2024)]. By employing specific
homeomorphic coordinate mappings, these distinct magnetic structures can all be realized by
enforcing symmetry in specially constructed coordinates. The proposed approach exhibits
strong robustness and explores previously inaccessible design space by imposing only the
minimal requirements for hidden symmetry. Several optimized configurations of different
types have been obtained, demonstrating the method’s capability to efficiently discover

practical stellarator designs with improved confinement and engineering feasibility.
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Figure 1: Gallery of optimized configurations. Column A: toroidal omnigenity (TO), Column B: poloidal
omnigenity (PO), Column C: helical omnigenity (HO), Column D: pseudosymmetry (PS), and Column E:
piecewise omnigenity (pw0O).



