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Abstract:

Ordered structures that tile the plane in an aperiodic fashion - thus lacking translational symmetry - have long been considered
in the mathematical literature. A general method for the construction of quasicrystals is known as *cut-and-project*
($\mathsf{CNP}$ for short), where an irrational slice '"cuts" a higher-dimensional space endowed with a lattice and suitably
chosen lattice points are further "projected" down onto the slice to form the vertices of the quasicrystal. However, all of the
known examples of $\mathsf{CNP}$ quasicrystals are Euclidean. In this talk, after presenting the main ingredients of the
Euclidean prescription, we will extend it to Lorentzian spacetimes and develop Spacetime $\mathsf{CNP}$. This will allow us to
discuss the first-ever examples of spacetime quasicrystals, one in (1+1)- and another in (1+3)-dimensional spacetime. Finally,
we will argue why the latter construction might be relevant for *our Lorentzian spacetime*. In particular, we shall appreciate
how the picture of a quasi-crystalline spacetime could provide a potentially new string-compactification scheme that can
naturally accommodate for the hierarchy problem and the smallness of our cosmological constant. Lastly, we will briefly
comment on its relevance to quantum gravity; first, as a conformal Lorentzian structure of no intrinsic scale, and second through
the connection of quasicrystals to quantum error-correcting codes.
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Periodicity only compatible -
with 2-, 3-, 4- or 6-fold
rotational symmetry.
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Can we do that in
Lorentzian Spaces?
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» Reflective*
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Reflection Symmetry is completely classified!




Coxeter-Dynkin Graphs

> links ~ relative angles
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Coxeter group

Coxeter Element C:
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» Reflective l

Cut with Coxeter Planes.

slices:

Vs NA=0=V;, NA

phys

Project:
quasi-crystal vertices
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Euelidean Lorentzian metric

Restrict to Spacetime R1¢~1

\ 4

Reflective Lattices in Spacetime?

self-dual (Z+unimodular) A;
unique in Lorentz:

Type I (any d) or

Type II (s=d-2=0mod8)
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Hyperbolic Coxeter Groups [up to d=10]
[Vinberg's algorithm; works in the 70s]

Type I (Odd)

Type II (Even)
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» Euchdean Lorentzian metric

Restrict to Spacetime R1¢~1

What lives
here?

Self-Dual Il,d-l or Hl, N

N
b,
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‘ Spacetime CNP ‘

First-ever Example

(1+1)D Spacetime Quasicrystal from I, ;
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Coxeter Eigenbasis is a NP Frame!

Point Set Point Set

Irrationality:
No null-separated vertices.

... Causal Sets?

Trade Randomness with Symmetry!

... Q error-correcting codes?
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‘ Spacetime CNP ‘

First Second-ever Example

(3+1)D Spacetime Quasicrystal from II, ,
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Am | living on an
irrational spacetime?

Spacetime

1+1 Rational Arguments in Favour of
an Irrational Spacetime
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1 Fitting the Universe in a Nutshell

String Theory: Where are they?
o . | can't see!

“We really live in

10 dimensions.”

4 large spacetime dimensions
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1 Fitting the Universe in a Nutshell

“Toroidal” Compactification Case I: slope € Q

closed curve: comes back to
itself after some wrappings

... what about causality Case II: slope ¢ Q
violations and CTCs?

open curve: fills densely the torus
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1 Fitting the Universe in a Nutshell

“Toroidal” Compactification

Case II: slope ¢ Q

... what about causality
violations and CTCs?
open curve: fills densely\the toru

Enter Irrationality:
no CTCs in 4D!
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1 +1 The Hierarchy Problem
: Mp, ~ 101 GeV

~ 2
MER + Mg (hTh) + My, Mgy ~ 102 GeV

L Bending Higgs Stretching Mvac ~ 10_12 GEV

open curve: fills densely the toru
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THANK YOU

Is it such an irrational idea after all?
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| Still Feels Irrational?
3+1 reasons to think
' over lunch:

irsa: 25100182

v Highly Symmetric Discrete Point Set in Spacetime
with no Intrinsic Scale.

v Q-Error Correcting Quasi-Crystalline Spacetime?

v “Most Symmetric” String Compactification Possible.

v Geometric Explanation of the Hierarchy of Scales.

Page 23/23



