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1. Introduction to quantum simulation
with alkaline-earth-like atoms in optical
lattices and SU(N) Hubbard model



Alkaline-earth-like atoms

—>

Electronic states (Yb)

-

o

EI:D
6s 6p

L=0
So §=0
- J=0

No hyperfine coupling with

the nucleus

~

J

~—— Alkaline-earth metals

173Yb

Heavy fermionic Lanthanide with complete f shell
(alkaline-earth-like)

Nuclear states (Yb)

2 )
I=§ (upto 21 + 1 =6 states)

@ OO 0 0 @
> 3 1 1 3

m=-3 73

)
\ 2 2 2 2 /




Alkaline-earth-like atoms
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- nuclear states don’t affect the scattering



Alkaline-earth-like atoms

SU(N) symmetric Hubbard model
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2. SU(N)-breaking Raman processes for
the realization of synthetic structures
with synthetic magnetic fields



Breaking SU(N): Raman transitions

Three-level atom coupled to 2
detuned external laser beams




Breaking SU(N): Raman transitions

Three-level atom coupled to 2
detuned external laser beams

Effective 2-level dynamics after
integrating out fast dynamics

fast oscillation

9(6) = a(®lgr) + BB)lga) + 1)




Breaking SU(N): Raman transitions

Three-level atom coupled to 2
detuned external laser beams

Effective 2-level dynamics after

integrating out fast dynamics
fast oscillation
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effective Rabi coupling with
space-dependent phase
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Synthetic dimension with Yb
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Synthetic dimension with Yb
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Synthetic dimension with Yb
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Synthetic dimension with Yb
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Synthetic dimension with Yb
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Synthetic dimension with Yb
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3. Methods and results: Dynamical Mean
Field Theory (DMFT) and
interaction-enhanced chiral currents



Dynamical mean field theory (DMFT)

Hartree-Fock MFT: local and static self-energy:
Yk, iwy,) = X
DMFT: local self-energy with full dynamical dependence:

2(]27 an) ~ i(zwn)



Dynamical mean field theory (DMFT)

Hartree-Fock MFT: local and static self-energy:
Yk, iwy,) = X

DMFT: local self-energy with full dynamical dependence:
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Dynamical mean field theory (DMFT)

Initial guess for {&;, V;}

If converged, exit
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Dynamical mean field theory (DMFT)

Original Hamiltonian Sectorized Hamiltonian

!-: '-F.I, Lanczos ‘l " . - .t Lanczos
S Tk, from \I’(T)a|0> :l ™ 1. e from W, |0) .
: l' --I - ’ .'_.'_' '- _ G(an)
| .-E". o "_-_"_. . .-. -|:




Chiral current and the interaction
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Chiral current and the interaction
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Chiral current and the interaction
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Chiral current and the interaction
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Chiral current and the interaction
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Chiral current and the interaction
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Chiral current and the interaction
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Effective spin model

Strong Coupling limit
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Outlook

Electronic states (Yb)

Electronic state = “orbital index”

Nuclear state = “flavor index”

Interaction channels
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