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Schläfli-symbol:
lattice made from regular p-gons,
q lines meet at each vertex

condition for regular
tessellation of the plane



  



  



  

hyperbolic tessellations
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Graphs
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four operators:
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"adjacency
matrix"

● real and symmetric
● exists orthogonal O:



  



  

exponential growth
with graph diameter!



  

Geometry



  

Poincaré disk model of hyperbolic space



  

Poincaré disk model Poincaré half-plane model

Cayley



  

Poincaré disk model of hyperbolic space

Automorphisms of D

Möbius / conformal transformations

non-commutative geometry



  

Laplace-Beltrami
operator



  

Laplace-Beltrami
operator

self-adjoint



  

Laplace-Beltrami
operator

Poincaré disk

Euclidean

Minkowski
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Spectrum of            



  

Spectrum of                               Euclidean limit 



  

From Graphs to Geometry



  

embedding



  

adjacency matrix 



  

vertices of equilateral
triangle

adjacency matrix 



  

adjacency matrix 



  

lattice sums

counting function



  

lattice sums



  

lattice sums



  

lattice sums



  

Graph / Continuum Dictionary



  

Example: Bose-Hubbard model



  

Applications



  

Application 1:
 Ground state energy and spectral gap of

What about                ? 

need sparse matrix
techniques



  

Application 1:
 Ground state energy and spectral gap of

Mathematicians know:

Higuchi and Shirai, Interdiscip. Inform. Sci. 9, 221 (2003)
Paschke, Math. Z., 225 (1992)
Kollar, Fitzpatrick, Sarnak, Houck, arXiv:1902.02794



  

Application 1:
 Ground state energy and spectral gap of

Mathematicians know:

Continuum theory:



  

Application 1:
 Ground state energy and spectral gap of



  

Application 1:
 Ground state energy and spectral gap of



  

Application 2:
Correlation functions



  

Application 2:
Correlation functions



  

Application 2:
Correlation functions



  

Application 2:
Correlation functions



  

Experimental outlook

scattering experiments, relation to quantum optics



  

SQUID
loops (B)

spatial / temporal variations in hopping

Experimental outlook



  

SQUID
loops (B)

spatial / temporal variations in hopping

disorder: localization transition?

Experimental outlook



  

SQUID
loops (B)

spatial / temporal variations in hopping

disorder: localization transition?

tunable qubits: spin-boson model

Experimental outlook



  

Experimental outlook

i

j

boundary critical correlations

??

boundary fields



  

Periodic boundary conditions

Klein Quartic: hyperbolic surface of genus g=3

www.math.ucr.edu/home/baez/klein.html
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