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Why do we need them cold?

· Necessary to trap them

· Reduces Doppler effects 

(broadens electronic transitions)

· For their motion to enter the  

quantum regime

Group of Antoine Browaeys 
(Institute ŘΩhǇǘƛǉǳŜ)
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The neutral-atom toolbox

· Available quantum degrees of freedom:
       Spin states, motional, electronic statesé

· Quantum statistics of each isotope
      Bosons, fermions (6Li vs 7Li) 

· Wider range of electronic transitions
    Broad/narrow, RF/optical, magnetic dependenceé.
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Quantum computing

Quantum computing with Rydberg 
atoms (>6,000 qubits)

Optical atomic clocks

Resolving the gravitational 

redshift across a millimeter

This talk: Quantum simulation with ultracold atoms

Manetsch et al., Nature647, 60ς67 (2025) Bothwell et al., Nature602, 420ς424 (2022)
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Challenge: Simulate a quantum many-body system

Χ

A many-body problem

Minimize energy of a spin model:

=               +             +             +             +
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(digital) 

Classical computer

(digital) 

Quantum computer

Analog 

quantum simulator

Challenge: Simulate a quantum many-body system



Quantum-
degenerate regime

Optical dipole trap
(High power, far detuned)

¢  Ғ м nK



1D optical lattice



2D optical lattice
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Hubbard models

JQISuperfluid Mott insulator
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Hubbard models

JQISuperfluid Mott insulator



Quantum-gas microscopy



A. R., PhD Thesis, MPQ (2020)

87Rb
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K. Kwon et al. Phys. Rev. A 105 033323 (2022)

SF MI
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Fermi-Hubbard model (spin ½)
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Fermi-Hubbard model (spin ½)
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Quantum magnetism

N = 2

J. Koepsell, S. Hirthe, et al. Phys. Rev. Lett. 125 010403 (2020)
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Quantum Heisenberg model

Domain-wall melting

Figure from Halimeh et al. (2014)

What spin transport properties do we expect? 
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Domain-wall melting

D. Wei, A. R. et al., Science 376 6594 (2022)
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Observation of superdiffusion

D. Wei, A. R. et al., Science 376 6594 (2022)



Transport properties

Easy-plane Easy-axis

Ingredients involved:

Integrability (1D) SU(2) symmetry
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Rosenberg et al., Science 384, 48-53 (2024)

46 spins

Follow-up experiment from Google
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SU(N) Hubbard models
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SU(N) Hubbard models

!Σ .Σ /Σ 5Χ
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SU(N) Hubbard models

!Σ .Σ /Σ 5Χ

For strontium-87, number of spins

can be as high as N = 10 

Nuclear spin I = 9/2
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SU(N) Quantum magnetism

N = 2 N = 3 N = 4 N = 5

Tóth et al. (2010) Corboz et al.(2011) Nataf, Mila (2014)



37C. Gas, A. R. et al., under preparation (2026)



Howdo we bring suchatomic

physicsexperimentsto UB/ICCUB?



Bruno Juliá
Díaz

J. M. Gómez
Cama

The Advanced Quantum Physics Laboratory



Zeeman effect,

optical pumping,

light-matter interaction,
etc.

Electromagnetically induced transparency (EIT)


