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Ergodicity in quantum systems
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Motivation

Many-body localization in one dimension

Sufficiently strong disorder in 1D = ergodicity breaking:

Many-body localization (MBL)

D. Basko, I. Aleiner, and B. Altshuler, Ann. Phys. 321, 1126 (2006).

I. Gornyi, A. Mirlin, and D. Polyakov, Phys. Rev. Lett. 95, 206603 (2005).

Rigorous proof: . z. imbrie, J. Stat. Phys. 163, 998 (2016)
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Many-body localization in higher dimensions?
Theralizing behavior in higher dimensions: pa - e=Bha
(0.0}

W. De Roeck, J. Z. Imbrie, Phil. Trans. R. Soc. A 375, 20160422 (2017).
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Many-body localization (MBL)
Disordered Heisenberg antiferromagnet: MBL for W > W, ~ 3.5

N
H = Z(J S;- S,-+1 -+ h,'S,-Z), h; € [—W, W]
i=1
&L
—

Local integrals of motion (LIOM):

7 = Uof Ut
[HvTiz] = [Tiszjz] =0

M. Serbyn, Z. Papi¢, and D. A. Abanin, Phys. Rev. Lett. 110, 260601 (2013)

D. A. Huse, and V. Oganesyan, Phys. Rev. B 90, 174202 (2014)
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A A

pa = trz (|¢i..in) (Vi..iy]),  entanglement entropy S(pa) < const.

M. Friesdorf, A. H. Werner, W. Brown, V. B. Scholz, and J. Eisert, Phys. Rev. Lett. 114, 170505 (2015).
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Approximation by Tensor Network States
e DMRG-X
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@ spectral tensor networks
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MBL in 1D

Mobility edge
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| full MBL w
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Spectral Tensor Networks

UHU' ~ diagonal matrix
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Spectral Tensor Networks

UHU' ~ diagonal matrix
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Figure of merit
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Full MBL regime

@ local integrals of motion: 77

o all eigenstates fulfill the area law — spectral

tensor networks: error o< exp (—é)

VN/e 41 V2

Numerical analysis

e minimize [H, 77]

@ phase transition: maximum of og
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Delocalization in two dimensions

For any set of local 77: [H, 77] # 0 for some i
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Delocalization in two dimensions

For any set of local 77: [H, 77] # 0 for some i

However: ||[H, 77]|lop << 1
Relaxation time: 7 > m > 1

A. Chandran, A. Pal, C.R. Laumann, and A. Scardicchio, Phys. Rev. B 94, 144203 (2016)
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2D quantum circuits
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MBL in 2D
Approximate local integrals of motion in 2D
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Approximate local integrals of motion in 2D
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Bose-Hubbard model in 2D
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Main Result
10 x 10 lattice ¢ x £ =2 x 2

MBL in 1D

Quantum circuits for MBL

MBL in 2D

pa: one-site reduced density matrix — S(pa)
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Comparison to the experiment
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Numerical Results

Comparison to the experiment

@ Npmax = 1: A =18.3
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Experimentally: A (U’ =24.4) ~5.3
however: only ~ 7% doublons
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Numerical Results

40K gas (fermions)

3 regimes:
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Summary and Outlook

Summary:

@ experimentally observed MBL in 2D is “short”-time e
phenomenon

@ approximately conserved local integrals of motion
@ 2D quantum circuits
@ experiment: A, = 5.3, theory (2 x 2): A, =18.3
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Summary and Outlook

Summary:

@ experimentally observed MBL in 2D is “short”-time e
phenomenon

@ approximately conserved local integrals of motion
@ 2D quantum circuits
@ experiment: A, = 5.3, theory (2 x 2): A, =18.3

Outlook:
@ experiment: charge density wave / larger filling
@ theory: ¢ x £ = 3 x 3 simulations

@ analytical tool to classify 2D topological and symmetry protected
MBL phases

T. B. Wahl, arXiv:1712.07238
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Entanglement energies
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Overlaps in 1D for N = 16

a 104 b L10%4 c
15000 250 o
2! 8
10000 15! .
5000 . 4
0.5/ 2
0 0 0
-0.15-0.1-0.05 0 0.05 0.1 0.15 -0.15-0.1 -0.05 0 0.05 0.1 0.15 -0.15-0.1 -0.05 0 0.05 0.1 0.15
AE AE )

AE



	Motivation
	Many-body localization in one dimension
	Quantum circuits for MBL
	Many-body localized regime in two dimensions
	Numerical Results

