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Introduction Which crystals are the same? Designing your own Illusions

Crystallography is the study of solid crystalline structures; one of 2 different unit cells + different motifs = the same crystal 1) extend the unit cell
the goals is to design new useful materials. Al has been generating
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a large amount of simulated crystals. It is important to analyse new S 2 O # ’ O ®
creations to see which are the same and which are different. \ °
> AN "y, T2y,
What is a crystal? \/1 X 2) slightly shift some atoms in the motif
V ° o) V‘\

2

A crystal is a periodic arrangement of atoms.
To mathematically contruct a crystal, pick: /A\rs/ ' /'. '
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1) independent vectors {vy,...,v,} of R” 5%.2(./1 | ° . 2V,
2) amotif (a set of points: atoms) |/\// //\/ o » 3) change the basis vectors
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Unit Cell: The parallelepiped U(vy, ..., v,) n 1 i O 5D
consisting of all linear combmatlons Z Livs O ; >
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with real coefficients t, ..., ¢, € [0,1). V e P . : LW :
2 . s I\ A simple Python app generating millions of new-looking crystals:
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4 different unit cells cell length a 1.0 cell_length_a 1.8 cell_length_a 1.0 . o .
& different motifs cell length b 1.0 cell length b 1.414 cell length b 2.0 A periodic structure is an equivalence class of periodic point sets
Atoms the same crystal cell_angle 90.0 cell_angle 45.0 cell_angle 90.0 S C R"™ under I‘igid motion
loop_ loop_ loop . . . . .
@) O O _atom_site_fract_x _atom_site_fract_x _atom_site fract x which can be efficiently recognised by complete invariants [
Lattice points _atom_site_fract_y _atom_site_fract_y _atom_site_fract_y (SU.Ch that [(S) = ](Q) if and only if S = Q)
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(6.5 , @.5) (6.6 , 0.5) EG e o 75; with Lipschitz continuous metrics.
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Artificial Illusions Conclusion
O Google's Deep Mind's Al tool GNoME claims to have discovered A rigorous geometric approach to crystal design suggests that the
2.2 million new crystals: "equivalent to nearly 800 years’ Al 1s often more Illusions than Intelligence. Equivalence classes,
100,000 worth of knowledge". invariants and continous metrics are required to compare crystals.
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