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Introduction

Classical and quantum walks
Hamiltonian of the system

o Classical case refers to the standard random walk with
gaussian probability distribution

e Quantum walks can be discrete (which are quantum
version of coin flipping) or continuous (which are govern by
hamiltonian)

Classical random walk Quantum walk

Time
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Classical and quantum walks

Hamiltonian of the system
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o Experimental realization in
optical lattices:
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Science 347, 1229 (2015) - Greiner Lab
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Introduction Classical and quantum walks

Hamiltonian of the system

Ho =7 (a}Hai v h.c.> v % S dii-1), (1)

external perturbations of the model:

Howo =T +V + D, (2)
where
T=F) idla, (3a)
V=V Y k" hihir, (3b)
i k#0
D= )\Zcos 27 (Ti 4 ¢)] a a Q. (3c)

All results: D. Wiater, T. Sowiriski, J. Zakrzewski, arXiv:1705.11009
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Free evolution and Bloch oscillations
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Quantum evolution of the
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Quantum evolution of the

rolution and Bloch oscillations
Long-range interactions
Disorder and MBL effects

Bloch oscillations decay in disordered media

Evolution with standard
Bose-Hubbard Hamiltonian for a few
on-site interaction values:

time (t)/2n)

time (t)/2m)
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n(i) = ((t)|af as |y (1) (4)

We divide n(i) into two sectors:

na(i) = (Y(B)lalalaza;lv(t),  (5a)

n1(i) = n(i) — na2(i). (5b)
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R. Khomeriki, D. O. Krimer, M. Haque, and S.
Flach, Phys. Rev. A 81, 065601 (2010):
Effective tunneling for paired bosons:

to = (VU2 +16-U)/4
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rolution and Bloch oscillations
Long-range interactions
Disorder and MBL effects
Bloch oscillations decay in disordered media

Quantum evolution of the

H=H BH + T

We again divide density
In tilted lattices system reveals distribution into two sectors:
Bloch oscillations:
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rolution and Bloch oscillations

Quantum evolution of the system

Evolution for gaussian initial

states:
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Free evolution and Bloch oscillations
Long-range interactions

Disorder and MBL effects

Bloch oscillations decay in disordered media

Quantum evolution of the

time (t)/2m)

Evolution with long-range
interactions:

o Hamiltonian:
H=H BH + Vv

time (t)/2n)

The lattice is not tilted !

o Long-range interactions
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Quantum evolution of the

Free evolution
Long-rar

and Bl
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One-particle localization:
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Entanglement entropy (two particle system) -
logarithmic growth - signature of the MBL
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Experimental observation of MBL - Science
349, 842 (2015)
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Quantum evolution of the
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Bloch oscillations in disordered

media are damped!

Free evolution and Bloc
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Disorder and M1

Bloch oscillations decay in disordered media
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Conclusions

Quantum walks were successfully implemented in optical
lattices (Greiner Lab)

They reveal general quantum features like: Bloch
oscillations, one-particle localization, MBL

Evolution strongly depends on the initial state and
parameters of the lattice

Division of the density distribution into one-particle and
two-particle shows explicitly different character of the
evolution
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