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Starting Point
Where Nanostructures for Quantum Technologies
 Quantum Optics

What System Photonic Crystals + Moiré Patterns

What Goal Photonic Cavities; or other interesting properties

1Cao et al., Nature 556, 80 (2018)Illustrated with Dall∙E



Current Research on Photonic Moiré Crystals

2

2011, Bistritzer & McDonald (electronic; the starting point)
 Continuum k∙p model around graphene Dirac cones
  Found: Magic Angles

2021, Dong et al. (photonic continuum)
 Photonic analogue of BM-Model

2021, Tang et al. (photonic tight-binding)

Bistritzer and MacDonald, PNAS 108, 30 (2011)



Photonic Crystals

 

Dielectric Material        +        Periodicity     =         𝜀(𝒙) 
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Photonic Crystals
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Photonic Crystals

Maxwell’s Equations   +   Time-Harmonic Fields

This is an Eigenvalue Equation:
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Photonic Bands

Periodic Media: Bloch’s Theorem:
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Photonic Bands
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Moiré Effect
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Day-to-Day examples:    Images of periodic patterns

Inogon
Lights
(1980s)

Images from the web: Reddit [1], Photography Blog [2], Wikipedia [3] 



(Two) Twisted Bravais Lattices = Moiré Lattice
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Θ =  5° Twist



(Two) Twisted Bravais Lattices = Moiré Lattice
“Twisted Bilayer”
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Θ =  5° Twist



Intuition: Apply the monolattice workflow
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Not possible:  Computationally  AND  Conceptually



Conceptual Mismatch
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Needed:

Commensurability

Moiré Lattices
are generally

Quasi-Periodic



Computational Bottleneck
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Θ =  2° twisted square bilayer



Ansatz for a New Description:
Recognizing Two Scales
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Scaling Parameter

Dimensionless Coordinates



Recognizing Two Scales
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Envelope Approximation
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Result: Effective Hamiltonian
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How to Use the Envelope Approximation 

18



Problem: Data is unavailable
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Solution: Blaze2D
A New Custom Maxwell Solver
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Method: Plane-Wave Expansion
+

Algorithm: LOBPCG
+

Language: Rust

pip install blaze2d



Validating Blaze with MPB
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Validating Blaze with MPB
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Benchmarking Blaze against MPB
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We can compute the data.

What now?
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Building the EA Hamiltonian

25

scipy.eigsh



Building the EA Hamiltonian with Blaze2D
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+ Operator Data



2-Atomic Crystal Approximation
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2-Atomic Crystal Approximation
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One Concrete Example

The Hunt for Magic Angles

29



One Concrete Example
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One Concrete Example
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One Concrete Example
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One Concrete Example
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One Concrete Example
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36



Conclusion & Outlook
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• New framework is hard to compare
• No experimental data

• Accuracy regimes must be tested

• Subspace selection might be too restrictive

• Novel framework with rich exposure of physical quantities
• Arbitrary k-points, bands, angles*, lattice types

• New 2D Maxwell Solver



Summary
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Appendix

39



Electronic Crystal   vs.   Photonic Crystal
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“Microscopic” “Macroscopic”



Computational Bottleneck
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Reference Solvers: MPB (MIT Photonic Bands) & FDFD (Finite-Difference Frequency-Domain)



Twisted Bilayer

42

Θ =  5° Twist



Validating Blaze with MPB
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Ansatz for a New Description
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Periodic Media:

Bloch’s Theorem:
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Limits of the Two-Atomic Crystal Approximation
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Limits of the Two-Atomic Crystal Approximation
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Conceptual Mismatch
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Solvers need Commensurability



Benchmarking Blaze against MPB
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Dirac K-point, TM Eigenvalue Surface
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Dirac K-point, TM Band Contribution
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Dirac K-point, TM Angle Scan
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Dirac K-point, TM Minibands
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Envelope Approximation: Two Scales in k-Space
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How to Separate Two Scales: Projection
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Generally



LOBPCG Search Subspace
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Effective Hamiltonian – What’s inside?
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Moiré Effect – Scientific Use

58

Strutt (Rayleigh) et al., Philosophical Magazine 47, 81 (1874)



Image References

59

[1] C. Tuggle, Moiré Effect, https://www.callitugglephotography.com/post/moir%C3%A9-effect.
[2] u/Cyb3r3xp3rt, Why does any picture I take of my screen do this?, https://www.reddit.com/r/computers/
comments/p5k4yz/why_does_any_picture_i_take_of_my_screen_do_this/.
[3] S. Dufresne, Using Moiré Patterns To Guide Ships, https://hackaday.com/2018/04/07/using-moire-patterns-
to-guide-ships/.

https://www.callitugglephotography.com/post/moir%C3%A9-effect
https://www.callitugglephotography.com/post/moir%C3%A9-effect
https://www.callitugglephotography.com/post/moir%C3%A9-effect
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