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New quantum simulation:
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Ytterbium

Clock transition spectrum @ 578nm
in @ magic-wavelength 3D lattice:

Rabi oscillations:
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Alkaline-earth-like structure
Electronic configuration [...]6s2
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g-e spin-exchange interaction

Two entangled internal degrees of freedom:

Coherent control of nuclear and electronic state

Quantum information processing

related spin-exchange dynamics in
M. Anderlini et al., Nature 448, 452 (2007)

New quantum simulation of strongly-correlated systems:

Strong spin-orbital interaction:

Orbital magnetism, Kondo model
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<1,7>,0 10’0
SU(N) magnetism

A. Gorshkov et al., Nat. Phys. 6, 289 (2010)
M. Foss-Feig et al., PRA. 81, 3-6 (2010)

F. Zhang et al., Science 345, 1467-1473, F. Scazza et al., Nature Phys. 10, 779-784 (2014)



Spin detection and manipulation

Optical Stern-Gerlach detection
S. Taie et al., PRL (2010)

State-dependent optical dipole force

atoms
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optical Stern-Gerlach beam
556 nm, 30001 detuning, o+




Spin detection and manipulation

173Yb Fermi gases in an arbitrary number of equally-populated components:

1 spin 2 spins 3 spins 4 spins 5 spins 6 spins
SU(2) SU(3) SU(4) SU(5) SU(6)



Two fermions (g+e) in a trap
A. Gorshkov et al., Nat. Phys. 6, 289 (2010)

g-e spin-exchange collisions

Antisymmetrization of the two-particle state:
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g-e spin-exchange collisions

Two fermions (g+e) in a trap
A. Gorshkov et al., Nat. Phys. 6, 289 (2010)

A local spin-exchange interaction
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Spectrum of the 578nm clock transition
in a 3D optical lattice

ley) leg") see related work by Folling/Bloch group:
@ F. Scazza et al., Nat. Phys. 10, 779-784 (2014)
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o Ground-state magnetization:

(g 1 [B®))]* = 5 + aBcos (F=t)




g-e spin-exchange oscillations

A magnetic field B induces a mixing
between the two channels:

) = aleg™) + Bleg™)

B field quench + free evolution
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Ground-state magnetization:
(g T 1¥(t)]? = 3 + e cos (=)

Direct observation of long-lived
spin-exchange oscillations

X
c
R
-—
@©
N
-—
o
c
(®)]
@®©
€
—
(@]

® »® A NN O N DM O ®

‘$°G. Cappellini et al., PRL 113, 120402 (2014) IR




g-e spin-exchange interaction

Very large spin-exchange energy!!! W kpT

¢ First excited band
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Strong repulsion in the |eg™) state, close to the lattice band separation

Beyond standard Hubbard treatment of interactions
("fermionization" of spatial wavefunction)

T. Busch et al., Found. Phys. 28, 549 (1998)
Zurn et al., PRL 108, 075303 (2012)




g-e spin-exchange interaction

Very large spin-exchange energy!!! W kpT
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Outlook

For more details...
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Measurement of spin-exchange frequency to probe the SU(N) symmetry
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