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Quantum simulation

Condensed matter
~few Å

100-1000K
~10-100meV

Cold atoms
~1𝜇𝜇𝑚𝑚
~1nK

~10−10meV

Moiré lattices
~10𝑛𝑛𝑛𝑛

~1K
~0.1meV

z Photons
~1𝜇𝜇𝜇𝜇
~5/cm

Mesoscopic devices
~10-1000nm 

~10mK
~10-100meV



From single to many-body physics
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2D quantum Hall effect

quantized transverse linear response
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Hofstadter model

• Hamiltonian:

• Spectrum:
Harper, PPSL A 68, 874 (1955)
Azbel, JETP 19, 634 (1964)
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Hofstadter model

• Hamiltonian:

• Quantized Hall conductance:
TKNN, PRL 49, 405 (1982)

• Chern numbers:
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Atomic topological pumps
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Cool atoms into a Mott insulator state
Homogeneous delocalization over first 
Brillouin zone

Nat. Phys. 12, 350 (2016)
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Atomic topological pumps

Nat. Phys. 12, 350 (2016)

Rice-Mele Model [PRL 49, 1455 (1982)]



Atomic topological pumps

Nat. Phys. 12, 350 (2016)
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Atomic topological pumps

1 1C = +

Nat. Phys. 12, 350 (2016)



4D quantum Hall effect

2
1 d d d d
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π
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First derivations:
J. E. Avron et al., Comm. Math. Phys. 124, 595 (1989).
J. Fröhlich and B. Perdini, in Mathematical Physics 2000 (Imperial College
Press, London, United Kingdom)..
S.-C. Zhang and J. Hu, Science Vol. 294, 823 (2001):
X.-L. Qi and S.-C. Zhang, Rev. Mod. Phys. 83, 1057 (2011).
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2D topological charge pump

PRL 111, 226401 (2013), Nature 553, 55 (2018) & Nature 553, 59 (2018)
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2D topological charge pump

Nature 553, 55 (2018)
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2D topological charge pump

Nature 553, 55 (2018)
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Boundary effects in photonics

Topological pumps

Bulk (cold atoms) Boundary (photons)

1+1D

2+2D

Nature 553, 55 (2018) Nature 553, 59 (2018)

Nat. Phys. 12, 350 (2016) Phys. Rev. Lett. 109, 106402 (2012)
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Particle in a box

Superconducting loops

m

Nature 431, 162 (2004)

Cooper pair
Quantum dots

PRL 115, 166603 (2015)
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Quantum simulation
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Synthetic dimensions

5F. Nori et al., RMP 86, 153 (2014); Celi et al., PRL 112, 043001 (2014)
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Synthetic dimensions

6F. Nori et al., RMP 86, 153 (2014); Celi et al., PRL 112, 043001 (2014)
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1 Synthetic + 1 physical dimensions

7F. Nori et al., RMP 86, 153 (2014); Celi et al., PRL 112, 043001 (2014)
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Recent experimental realizations
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Image source: M. Mancini et al., Science 349, 1510 (2015). 
B. K. Stuhl et al., Science 349, 1514 (2015). 
L. F. Livi et al., PRL 117, 220401 (2016).
S. Kolkowitz et al., Nature 542, 66 (2017).
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1 Synthetic + 3 physical dimensions

Phys. Rev. Lett. 115, 195303 (2015)
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4D quantum Hall effect
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Phys. Rev. Lett. 115, 195303 (2015)
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J. Fröhlich and B. Pedrini, Mathematical Physics (2000)
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The quest continues

Thank you!
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