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CRYSTALS

➢ Periodic arrangement of atoms 

on a discrete set of points.



PERIODIC TILING

➢ Vertex model of a Euclidean 

plane tiling can seen as an 

effective tight-binding model.

➢ Edges correspond to bonds.

➢ Intersection of edges/vertices

correspond to lattice sites.
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APERIODIC TILING

➢ Can have rotational symmetries 

outwith Crystallographic 

Restriction Theorem.

➢ No translational invariance, but 

still possess long-range order.

➢ Self-similar pattern that fills all of 

space continuously.
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TIGHT-BINDING MODEL
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GROUND STATES

𝐷𝑓 =
𝑁 + 𝐿 − 1 !

𝑁! 𝐿 − 1 !
𝐷𝑔 = 𝑧 + 1 𝐿

Fixed N atoms for L sites Max z atoms for L sites

 = 0  ≠ 0

{N, L, z} = 10

𝐷𝑓 ~ 105 𝐷𝑔 ~ 1010



GUTZWILLER MEAN-FIELD
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OBSERVABLES AND PHASES
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OBSERVABLES AND PHASES

Phase ത𝜑 ത𝜌

Mott Insulator (MI) ≈ 0 ≈ 0

Superfluid (SF) > 0 ≈ 0

Density Wave (DW) ≈ 0 > 0

Supersolid (SS) > 0 > 0



J/U = 0.02 J/U = 0.04

J/U = 0.08 J/U = 0.06

MI-SF

/U = 1.5



V/U = 0.00 V/U = 0.10

V/U = 0.40 V/U = 0.25

/U = 2.5, J/U = 0.1

SF-SS



MI-DW

V/U = 0.00 V/U = 0.07

V/U = 0.25 V/U = 0.17

/U = 1.5, J/U = 0.01



SYMMETRY BREAKING

/U = 1.5, J/U = 0.01, V/U = 0.1



PHASE DIAGRAMS
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PHASE DIAGRAMS
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෤𝜌 & ෤𝜑

Average order parameter 

across entire lattice

➢ Fractionalised set of DW 

states between each MI 

plateau.

J/U = 0.001



CONCLUSIONS

➢Can observe interesting phenomena in 

quasicrystals without invoking disorder.

➢ Fluctuations in local coordinate number 

plays an important role.

➢Rotational symmetries of Quasicrystal can be 

broken.



https://arxiv.org/abs/1904.12870

Prof. Patrik Öhberg Callum W. Duncan


