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models
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One intriguing feature of 2D hyperbolic-lattice models is that their band theories live in hypertoric Brillouin
zones. The high-dimensional band structures and the dimensional mismatch between real and momentum
spaces present uncharted territory beyond Euclidean topological phases. This work investigates topological
phases exhibited by hyperbolic Haldane models, which are generalizations of the graphene Haldane model
to various regular hyperbolic lattices. A comprehensive symmetry analysis is performed to constrain the
multiple independent first and second Chern numbers arising from the high-dimensional bands. Our exten-
sive analysis of both real- and momentum-space models shows frequent occurrence of topological gaps, most
of which characterized by first Chern numbers of 1 and some of 2. Importantly, the numerically computed
first Chern numbers respect the predicted symmetry constraints and agree with real-space topological mark-
ers, implying a direct connection to observables such as the number of chiral edge modes. With our large
repertoire of models, we further demonstrate that the topology of hyperbolic Haldane models is trivialized by
strong curvature of the underlying lattices.
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