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On a flat surface the hexagonal arrangement is a ubiquitous regular arrangement
arising from dense packing, space division, or interactions between particles. What is regular
arrangement when a surface is curved? On a sphere, this question was firstly raised by J. J. Thomson for
electrons constituting atoms, Goldberg elucidated regular polyhedra, and for biological icosahedral
viruses Caspar and Klug found a construction principle of regular arrangements on a sphere. In contrast,
regular arrangements of particles on saddle-shaped periodic surfaces with negative curvatures have not
been pursued. In this proﬂect, we have shown numerous regular arrangements of spheres on the Schwarz P-
and D-surfaces obtained through the Alder transition, where magic numbers have been obtained in analogy
with icosahedral viruses. These unprecedented arrangements are analyzed in terms of space groups, and
polygonal & hyperbolic tilings.
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