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ANALOG MODELS

Crystalline structures (Quantum) Field Theory

Particles in periodic potentials Partial differential equations
Effective description: Approximate description:

discretization on the lattice

ype model: /

hopping on t tice
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Lattice Fundamental parameters

Lattice symmetries, Analogy )— Mass and spin

internal structure \ /
(supercells)

Lattice

Gauge field theory
Inteigl;?ol :Oeg;egfhog pfﬁggom, <_ Gauge fields
coefficients . /'
Differential Geometry

Curvature and Torsion
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Optical lattices

Ultra-cold atoms moving in a periodic optical potential:  V(x,y)=V, [bcos2(x)+cos2(y)|

In one dimension:

E(k)=-J[Los k

N. Szpak, Univ. Duisburg-Essen The appearance of mass in discrete analog models



Appearance of mass

Bi-chromatic optical potential — periodic perturbations of the lattice

Periodic super-structure

— formation of supercells
(double size)

Band splitting:

E(k) = i\/M2 +J%cos * k
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Analog QED in external fields (Sauter—Schwinger effect)

Optical lattice analogue of e- e+ creation in strong electric fields

Initial ground State — 1 | = Lépper
and
(vacuum)

Supercritical external potential —
(particle-hole pair creation

‘\\Z

Optical lattice based
Simulator



Graphene

Honeycomb lattice — 2x triangular lattices:
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Appearance of mass

Kekule periodic perturbations of lattice links

['_} A ‘ ﬁ Periodic super-structure
S

= — formation of supercells (A-B-C)
B
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S, fﬁf'

E(k)

Band
splitting
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E(f) =+ M*+J (k2 +k?)
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Curvature & Topology

)

Quasi-1D: Kohlenstoffnanoréhren

ed — non-trivial topology and geometry
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Graphene
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E. Cockayne et al, Phys. Rev. B 83, 195425 (2011)

Defects

MAE GIFS AT GIF SOUP.COM

Forces
— bending of "straight” lines (forces)
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Credit: NASA & ESA

avitational Waves !

Description
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