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What/Why is quasicrystal?

Crystal: translation symmetry and rotational symmetry (three-fold,
four-fold, six-fold,…)

Forbbiden rotational symmetries for a crystal:
five-fold, eight-fold,…



Quasicrystals in condensed matter physics

-Ho-Mg-Zn icosahedral quasicrystal

Bindi B. et al.,Science 324,1306-1309(2009)



Quantum simulation using ultracold atoms

Optical lattices Superfluid to Mott insulator transition

Greiner, M., et al. (2002).  Nature, 415(6867), 39–44. 
Bloch, I., et al. 2008, Rev. Mod. Phys. 80, 885-964



Eight-fold optical quasicrystals
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-dual species(87Rb,39K)
-BEC ~ 2×10! atoms
-temperature ~100 nK
-wavelength of lattice  726 nm

Viebahn,…, Schneider. (2019). Phys. Rev. Lett., 122(11), 110404



Eight-fold optical quasicrystals

Gottlob & Schneider (2023). PRB 



Superfluid to Bose glass transition in a quasicrystal

-Superfluid to Bose glass transition observed in the optical quasicrystal
Yu, …, Schneider (2024) Nature, 633(8029), 338–343. 



Superfluid to Bose glass transition

-Superfluid to Bose glass transition observed in the optical quasicrystal
Yu,…, Schneider. (2024) Nature, 633(8029), 338–343. 



To resolve atoms at the single site level

Quantum gas

or

magnifiersmicroscopes Quantum gas 
also: Harvard, MPQ, Princeton, MIT, Strathclyde, Kyoto, Tokyo, KAIST, Barcelona, … Hamburg, Heidelberg,…

YGZ,…, Yuan, Pan (2022). Opt. Lett., 47, 4239.

Asteria, …, Weitenberg, (2021). Nature, 599(7886), 571–575. 



Quantum gas magnifier -- how it works

Real space Momentum space

Real space (magnified)

TOF in free space for 𝜏TOF in a harmonic trap for 𝑇/4

𝑓!

𝑓"

𝑀 = 𝑓"/𝑓!

𝑀 = 8𝜋𝜏/𝑇



Quantum gas magnifier at Cambridge

Specifications
-1065 nm dipole trap
-90 um waist, 5W
-890 Hz
-M~50



Quantum gas magnifier at Cambridge
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Quantum gas magnifier at Cambridge
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Quantum gas magnifier at Cambridge

T/2, before tilting magnifier T/2, after tilting magnifier

False retro of the dipole Z beam



Quantum gas magnifier at Cambridge



Quantum gas magnification of the quasicrystal



Ammann-Beenker tiling



Ammann-Beenker tiling



Anisotropy of the magnifier

Trapping frequency obtained by breathing/sloshing mode 

Compensation by cross dipole beams



Lattice depth (Er)

Quantum gas magnification of the quasicrystal



Configuration space

Gottlob & Schneider (2023). Physical Review B, 107(14), 144202. 



Microscopy of the SF to BG transition

In preparation



Atom loss holding in the quasicrystal



N=4500, V=4 Er
quasicrystal

Local density in quasicrystals/square lattices

N=4500, V=20 Er
square lattice



qSite-resolved detection of the SF-BG transition in optical 
quasicrystals

Conclusion and Outlook

vUnderstanding atom loss mechanism in quasicrystals
vAccessing 4D topological matter with 2D quasicrystals?
vQuasiperiodicity protecting quantized transport…

What’s next?

Kraus, Ringel, Zilberberg, (2013). Phys. Rev. Lett., 111(22), 226401
Gottlob, Borgnia, Slager, Schneider, (2025). PRX Quantum, 6(2), 020359. 


