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Curved spaces
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Generate your own hyperbolic tilingt http://www.malinc.se/m/ImageTiling.php



Coupling along lattice edgesnly the graph matters
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Hyperbolic lattice in circuit QED
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Hyperbolic lattice in circuit QED

—— Experiment
—— Theory
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lTransmission (ab)

Hyperbolic lattice in circuit QED
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Hyperbolic lattices in electric circuits

Experimental setup:
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P. M.LenggenhageA.StegmaierTB et al, Nat. Commun 13, 4373 (2022)



Hyperbolic lattices in electric circuits

Experimental setup:  Spectral reordering: Wave propagation:

Euclidean distance hyperbolic distance
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Realizations of hyperbolzherninsulators

With electric circuits:
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In silicon photonics:
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(1.) Infinite lattice: noftommuting translations!




(2.) Disk geometry (OBC): macroscopic boundar
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Hyperbolic Haldane model

4 ingredients:
A NN hopping| =1)
A NNN hopping|6)

N iy |
I,’\?ze q%/‘\ A Magnetic flux {)

A Onsite potential £m)

Phys. Rev. Letl29, 246402 (2022)

F. D. M. Haldane, Phys. Rev. L&t1t.2015 (1988)



Hyperbolic Haldane model

Phys. Rev. Letl29, 246402 (2022)
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PHYSICAL REVIEW LETTERS 133, 061603 (2024)

Editors' Suggestion

Simulating Holographic Conformal Field Theories on Hyperbolic Lattices
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Euler characteristic:
x=V-FE+F=2x(1-g)

E=Vq/2 F=Vq/p

Genus of regulamp{g} lattices:

Vi(q ¢
2 \2 p

Genus grows linearly with # vertice:

|. Boettcheret al., Crystallography of Hyperbolic Latticéthys. Rev. B05, 125118 (2022)



Hyperbolic surface codes

FIG. 7. A symplectic basis for the logical operators of the
hyperbolic Floquet code derived from the 8.8.8 tiling of the Bolza
surface, which has genus 2 and encodes four logical qubits into
16 physical data qubits. Opposite sides of the tiling are identi-
fied. The logical X and Z operators of logical qubit i are denoted
by X; and Z;, respectively. For each logical, the gray highlighted
path is its associated homologically nontrivial logical path, which
defines how the logical is updated in each subround (see Fig. 8).

O.Higgottand N.BreuckmannPRX Quanturs, 040327 (2024)



Symmetry of hyperbolic {8,3} lattice

Four translation generators on {8,3} lattice:




