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e Many-Body Localisation

MBL of Interacting Fermions in Quasi-Random Potentials
Coupling of 1D MBL systems - Anderson vs MBL
Anderson & MBL under Light Scattering

Anderson & MBL in Driven Systems

Q Evidence for Many-Body Localisation

Phase Transition in 2D
» Probing MBL transition using domain wall dynamics

Many-Body Localisation using
Ultracold Atoms

M. Schreiber et al. Science 349, 842 (2015)
P. Bordia et al. arXiv 1509.00478 (PRL in press)

E. Altman R. Vosk M. Fischer

Thermalization

Quantum correlations in local d.o.f Local quantum information
are rapidly lost as these get persists indefinitely.
entangled with the rest of the system.

o_mmm.:.um_ hydro description of Need a fully quantum description
remaining slow modes (conserved of the long time dynamics!
quantities, and order parameters). )
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The many-body elusive interface between

localization transition quantum and classical worlds
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Ready...Set...Go!

Anderson localization:
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Characterization of two phases
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Many-body localization:

Ready...Set...Go!

Fastest timescale: local probe! 9,

Slowest timescale: global probe
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MBL OUrsSystem =1 D Quasi-Disordered Fermi-Hubbard

MBL Probingithelnteracting Aubry-Andre Model
3
initial state o
8
K
H = =73 (el ting +He )+ A Y sin (2mai +0) &l o0t S iy 8
1,0 1,0 2 <
2F
40K-40K Feshbach resonance S
600 M m
- o
mﬂoc m
H g
chc L
\ 0 N
200 160 180 200 220 240 O m ._ O A m No oo
B field [G] :\f\
Without interactions U=0 : Aubry-André model ey »
1) Prepare CDW (with different doublon densities)
2) Evolve in disorder
3) Readout CDW (disorder averaged)
e Homogenous tunneling but quasi-random onsite energies
e ais the incommensurability ratio, irrational, in the experiment = 0.721
N,—N, Hamming Distance
All eigenstates extended for A/J < 2 Main Observable: Imbalance ] = —— D(t) = N [1—1I(1)]
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All eigenstates exponentially localised for A/J > 2
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MBL Single Particle Orbitals MBL

Preparing the CDW Wave
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Time Evolution
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MBL
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U=0 - Dimensionality

MBL Experimental Setup 2D
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Single Atoms perimental Setup

lattice beams
1064 nm

single 2D degenerate gas
~ 1000 #Rb atoms (bosons)

mirror 1084 nm
window 780 nm high-resolution
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System Summary

I.  Prepare Domain Wall
(no tunneling dynamics)

Optical lattice
laser beams

-

=24J
=0~70J

u 2. Turn on disorder potential
A
’\ (near critical point)

. m. Vacuum window 3 Lower the lattice depth
A e

4. Measure atomic distribution

’*._.c::m_m:m time is 6.4 ms.

* Disorder is changed for each image.

Disorder potential *Take 100 picture for averaging.
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v i Disorder Effect in Real Space Il
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Role of Interaction
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So far: good qualitative and in parts quantitative understanding!

2 MBL for different dimensionalities? |D/2D/3D - Disorder Dimension
Coupling to outside world - Photon Scattering destruction of MBL?
Optical Conductivity - Ergodic vs MBL phase

Local fluctuation measurements with Quantum Gas Microscopes
Measuring localization length? dynamical (domain walls)? impurities?
Ciritical slowing down?

Entanglement Entropy growth?
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MBL in driven systems
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