










Where is the physics?
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Building a lattice Hamiltonian













Probing the Dirac points

vanishing density of states

small energy scales







Breaking Inversion Symmetry









Topological Haldane model

Proposal for Quantum Hall Effect without magnetic field! 
Haldane, PRL 61,2015-2018 (1988)











How?





Breaking time-reversal symmetry

Proposal for Photovoltaic Hall effect in graphene

T. Oka und H. Aoki, PRL 79, 081406 (2009)





















Edge states









Interactions?

Theoretical challenge

Experimental challenge











Shaking and interactions
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Driven double well
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Driven double well

U ≈ w



Driven double well
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Driven double well

R. Desbuquois M. Messer, F. Görg, K. Sandholzer, G. Jotzu, and T. E., PRA 96, 053602 (2017)

U=9.1 kHz > w

U=6.5 kHz < w





Enhancement of magnetic corrlations
in driven lattice

F. Görg, M. Messer, K. Sandholzer, G. Jotzu, R.Desbuquois, T.E., Nature 553, 481-485 (2018) 
Also: J. Coulthard, S. R. Clark, S. Al-Assam, A. Cavalleri, D. Jaksch, Phys. Rev. B 96, 085104 (2017) 
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Current for T=0, Ta=1: 

    
Ia = dε ga ε( ) 

εF

εF +Δ

∫ va ε( ) Ta ε( ) =
Δ
h



Current for T=0, Ta=1: 

    
Ia = dε ga ε( ) 

εF

εF +Δ

∫ va ε( ) Ta ε( ) =
Δ
h



Current for T=0, Ta=1: 

    
Ia = dε ga ε( ) 

εF

εF +Δ

∫ va ε( ) Ta ε( ) =
Δ
h

     
va ε( ) =

ka

m
= 2 ε−εa( ) / mvelocity:

density of states:
(right movers) 
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Landauer, Büttiker, Imry



Current for T=0, Ta=1: 

    
Ia = dε ga ε( ) 

εF

εF +Δ
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Δ
h

Conductance
   
G =

1
h

Landauer, Büttiker, Imry

Consequence of Heisenberg + Pauli’s principle



Connecting two strongly correlated superfluids
with quantum point contact
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