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Equilibrium vs Non equilibrium

m Well equipped to deal with equilibrium

7 =Trle ""..]

m Non eq: Methods ? / Concepts ?? (temperature, etc.)

m [inear response [ =GV
G computed from equilibrium

Not always possible




Should we bother

B Condensed matter

m Rapid (?) relaxation... but pump/probe exp.

m Steady state situations, or welrd systems (glasses)




Out of equilibrium situations

e FExternal noise

E. G. Dalla Torre, E. Demler, TG, E. Altman Nat Phys 6 806 (2010); PRB 85 184302 (2012)

* Global quench
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A. Mitra, TG PRL 107 150602 (2011); PRB 85 075117 (2012)
L. Foini, TG PRA 91 023627 (2015)




Out of equilibrium situations

* Local quench (impurity)

M. Zvonarev, V. Cheianov, TG PRL (2007);
J. Catani et al, PRA 85 023623 (2012) ; T. Fukuhara, A. Kantian et al. Nat Phys. (2013)
A. Kantian, U. Schollwoeck, TG PRI 113 070601 (2015)
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Steady state Out-of-Equilibrium:
Transport

m The simplest form of out of equilibrium

m Reflects the quantum nature of the system
(interferences — metal, insulator, etc.)



- Transport

4N
Conduction of Ultracold Fermions
Through a Mesoscopic Channel

Jean-Philippe Brantut, Jakob Meineke, David Stadler, Sebastian Krinner, Tilman Esslinger*

Left Reservoir Channel Right Reservoir
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S-S Quantum point contact

m Theory: Blonder, Tinkham, Klapwijk (1982);
Averin, Bardas (1995); Cueva, Martin-Rodero,
Yetati (1996)

E. Scheer et al. PRI 78 3535 (1997)



Quantum point contact

B Quantum point contact:
multiple Andreev reflexions




One dimensional structure



Observation of quantized conductance in neutral
matter

Sebastian Krinner', David Stadler’, Dominik Husmann', Jean-Philippe Brantut' & Tilman Esslinger’
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Weak periodic lattice

m Classical: does not do anything

m Non-interacting Quantum system: create bands
m Even a weak lattice leads to a (band) insulator

m What will happen with interactions ?



Attractive interactions and (weak)
periodic lattice

m Attraction: singlet superconductor

m Superconductor resists “scattering” (disorder,
potentials, etc.)

m Expect a competition band insulator-
superconductivity



Eur. Phys. J. B 10, 649-662 (1999) THE EUROPEAN

From semiconductors to superconductors: a simple model
for pseudogaps

P. Nozieres and F. Pistolesi®

m Mean-Field

m Superconductor-Band
insulator transition

m Always true ?

m How to test experimentally 2



. i “*Atomtronic”’

M. Lebrat, P. Grisins et al., arXiv:1708.01250




No interactions: band insulator

G = iomg 2 [ T BB S
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What happens in with interactions?

H = HGY + Hlattice;

Hittion = ] dy V() ply),



+ 2p0 fs cos (Qkpy - \/iqﬁc(y))
+ 2C pg cos (4kpy - Qﬂéc(y)) >

m Conductance determined by the charge sector

V2

Hu(y) = —u(y)p(y) = uly)—Vé.,




Many-body insulator
“pinned” L.E. liquid

noninteracting interacting




Experimental evidence for L.E.
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Other transpotrt properties



Spin conductance

J, =y =) =G,y — )




Hall effect

Non interacting = simple”
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No interactions: curvature of fermi surface
- topological formula (Thouless-Kohmoto)

With interactions: open question
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Spielman’s group (Maryland) arXiv:1804.06345




Hall effect on ladders

S. Greshner, M. Filippone, TG, PRL 122,
083402 (2019)

M. Filippone, C.E. Bardyn, S. Greshner, TG,
PRL 123 086803 (2019)




Conclusions/Perspectives

m Calculations and measurements of
quantum transport with cold atomic
Systems

m Novel situations and effects (e.g. proot
of existence of Luther-Emery liquid)

B Many exciting possibilities (spin, hall,
etc.) and challenging theory questions



