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ULTRACOLD ATOMS

Ultracold atoms are ideal building blocks for artificial guantum systems

€ Very dilute: million times thinner than the air of this room, n ~ 1012 atoms/cm3

€ Very cold: 100 million times colder than space, T~100 nK

¢ Very controllable: manipulate internal and motional states,
tune strength and nature of interactions, choose quantum statistics,
orecisely adjust the confinement potentials and dimensionality, ...
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ULTRACOLD ATOMS

Ultracold atoms are ideal building blocks for artificial guantum systems

€ Very dilute: million times thinner than the air of this room, n ~ 1012 atoms/cm3

€ Very cold: 100 million times colder than space, T~100 nK
Atoms have many handles!

¢ Very controllable: manipulate internal and motional states,
tune strength and nature of interactions, choose quantum statistics,
orecisely adjust the confinement potentials and dimensionality, ...

107 10° 10° 10* 10° 102 10" 1 100 10° 10° 10* 10° 10° 107 (k)

A T T A
Superfluid Liquid
Laser 3He helium
_ cooling Surface Core
Atomic of sun of sun
Fermi Uracold Low temperature Room
gas tracold atoms of solid state temperature




ATOMIC SYSTEMS FOR F

Chou, Hume, Rosenband & Wineland, Science 329 (2010) 33 cm vertical shift — (4.1+1.6) x 10717
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TRAPPED SINGLE A

>200 qubits
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Optical tweezer micro-trap Ebadi et al. Nature 595 (2021)

* Quantum information stored in insensitive internal spin states
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Non-Linear Spectroscopy
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Optical tweezer micro-trap Ebadi et al. Nature 595 (2021)

* Quantum information stored in insensitive internal spin states
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G. Pagano, F. Scazza, and M. Foss-Feig. Adv. Quantum Tech. 2, 1800067 (2019)
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ATOMIC ENSEMBLES AS

Condensed matter phenomena

“ Model Hamiltonian
Physical realisation d
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ATOMIC ENSEMBLES AS

tunneling interaction

Condensed matter phenomena J U
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Physical realisation d ®@ & @

Crystal lattice Optical lattice

V) =G, |38%) +Q, |38)

oo

» Repeated measurements = Evaluate
correlation functions!

» Probe out-of-equilibrium physics at play!

Grelf et al., Science 351 (20106)
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ArQusS Lab: Ytterbium atoms in programmable micro-traps

Single-atom manipulation with metrological-grade control

IyArQuS

Quantum simulation of localized spin impurities
with optically trapped fermionic Yl atoms

Multiplexed optical clocks and nuclear qubit registers
Atomic 71Yb state manipulation on the clock transition
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