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Quantum simulation of a Hall experiment

Goldhaber-Gordon’s group
PRL (2015)
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First observation of universal many-body effects
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(2017) 

(2020) (2019)

(2022) 

Quantum simulation with ultracold atoms
Bosons
weakly interacting

Bosons (again)
few-body correlations

(2023)





  Quantum simulation 
of many-body effects 

with fermions



Probing the Hall response of a 2-leg fermion ladder

Simulation of Harper-Hoftsadter model 

interactionstransverse hopping 

longitudinal 
hopping 

: “magnetic” flux 

“Hall Imbalance” a proxy of the Hall resistance 

MF, C.-E.Bardyn, T. Giamarchi PRB (2018) –  S. Greschner, MF, T. Giamarchi PRL (2019)
  MF, C.-E. Bardyn, S. Greschner, T. Giamarchi PRL (2019)



Synthesizing artificial gauge fields with 173Yb (fermions) 

Stern-Gerlach measurement of the spin 

Jaksch and Zoller New J. Phys. (2003), Celi et al. PRL (2014) 

Pagano et al. Science. (2015) 
Stuhl  et al. Science (2015) 

(2014) 
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how it looks like

gas is here
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Measuring the Hall response
After-quench real time evolution

Polarization Current



Measuring the Hall response
After-quench real time evolution

Time-averaged Hall imbalance 

 Hall imbalance
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Transverse tunneling – ty –  dependence

Non-interacting 
2-band spectrum 

For 

“Universal” Hall imbalance 

SIGNATURE OF A 
SINGLE-BAND METAL



Universality driven by interactions 

For 

The same value is reached by 
cranking up the interaction strength U



Universality driven by interactions 

For 

The same value is reached by 
cranking up the interaction strength U

Hard-to-compute regime where U, 
T and ty  are all of the same order



The experiment

see also MF, C.-E. Bardyn, S. Greschner, T. Giamarchi PRL (2019)



Perspective : voltage measurements

 Buser, Greschner, Schollwöck Giamarchi  PRL (2021)

Our experiment

Solid state systems



Preliminary : voltage measurements



Conclusions   

First observation of universal many-body 
effects on the Hall response of a controlled 
quantum simulator

Perspectives   

Measuring Hall 
voltages 

Addressing correlated 
topological phases in multi-
leg experiments



Thanks !



The Hall effect : classics

E. H. Hall, American Journal of Mathematics 2, 287 (1879) 

stationary condition

Forces at work Hall constantHall resistance

From measuring the carrier density in metals...



The Hall effect : classics

… to strongly correlated topological effects

Eisenstein and Stormer Science (1990)



Transverse tunneling – ty –  dependence

Non-interacting 2-band spectrum 

For 

“Universal” Hall imbalance 

how to understand it



A strongly correlated stabilization of a single-band metal
and the limits of a mean-field analysis

PROBLEM : The mean-field analysis predicts the unobserved suppression of

  S. Greschner, MF, T. Giamarchi PRL (2019)
 MF, C.-E. Bardyn, S. Greschner, T. Giamarchi PRL (2019)



A strongly correlated stabilization of a single-band metal
and the limits of a mean-field analysis

UNIVERSALITY WITH RESPECT TO INTERACTIONS

+

–

SU(2) symmetry of interactions

  S. Greschner, MF, T. Giamarchi PRL (2019)
 MF, C.-E. Bardyn, S. Greschner, T. Giamarchi PRL (2019)

+

–



Dynamical difference between DMRG and Mean-Field



Perspective : voltage measurements

 Buser, Greschner, Schollwöck Giamarchi  PRL (2021)

Our experiment

Solid state systems



Preliminary : voltage measurements



Tube occupation distribution

Total ~ 25k atoms 



Transition for different densities at T=0
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