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graphene is a playground for
textoook gquantum efrects

‘ ——
Uber die Quantenmechanik der Elektronen
® B@rry phage in Kristallgittern.
| | 1 929 Von Felix Bloch in Leipzig.
e Klein tunnelling
e atomic collapse deduced from Bloch's general theory by Zener
¢ Ziﬁ@rb@w@g Ung A Theory of the Electrical Breakdown of Solvd Dielectries.

e Hofstadter buﬁ@rﬂy CrLAareNcE Zener, H. H. Wills Physics Laboratory, Bristol.

Thus 1if we represent the electron by a wave packet confined to the first energy

o o
BIOCh OSCI"atIOns band, the electron moves in the direction of the field until 1t 18 reflected by

the lattice, then moves in the opposite direction until it is stopped by the
field, whereupon the motion is repeated.




Sloch oscillation of a wave packet
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follows from 211/3

oeriodicity of the

Hand structure,

and h dk/dt=F
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first observation in 1992 by THz spectroscopy
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network model of twisteo
Dilayer graphene (1) |
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network model of twisteo
Dilayer graphene (2)

2D regime (closec

quasl-1D regime

orbits, no AB osc.) (open orbits, AB osc.)
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Mapping onto a quantum walk (1)
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O
quasi-1D regime: no loops, x-
coordinate increases by a/”Z
petween scattering events, so we

can map x onto t=(2x/a)tg

1D gquantum walk with time step

to=a/v and "coin operator”

R_(em/ll\/Pif v 1 —Ps

forward scattering with probability Ps



Mapping onto a quantum walk (2)

Py, = TRy, TP(y) =e % s “=d(y). °

: 1 1
cigenvalues e O

e+to = Earccos|y/ P sin(ayky — m/4)| + /2

include the phase shift from a magnetic field:

Wity = e' PV TRYy, ¢ =D/ Do

equivalent to "electric quantum walk”

Quantum walks in weak electric fields and Bloch oscillations

Pablo Arnault, Benjamin Pepper, and A. Perez
7 Phys. Rev. A 101, 062324 — Published 19 June 2020




Sloch oscillations in DC transport

N =1, L =50a
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weak-field magnetoconductance oscillations with
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narrow contacts (W= 0.25um, L=/um)
AB = (h/e)(ayL)” ' ~2.4mT
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Viagnetic breakdown
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A magnetic field drives a wave packet in the
direction of the arrows. Points of magnetic
oreakdown (tunneling between two equi-
energy contours) are encircled. Tne resulting

open orpits are responsible for the Bloch

oscillations.




Viagnetic breakdown
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Coupling of ditfferent open orbits
oroduces "side branches” of the Bloch

oscillations.

what is this "oeating” effect?

gquantum interrerence??”?
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C breakdown

Viagnet

PRB 106, 235413 (2022)

theory
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Slocn oscillations go magnetic
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Bloch oscillations can be observed in DC transport in the network of domain walls

in twisted bilayer graphene

Mmapping of open orbits in a magnetic field onto electric guantum walk

the magnetic field confines the electrons sideways over a length &« 1/B

preathing mode observable as weak-field (mT) magnetoconductance oscillations

pDoINt contact needed to resolve the oscillations
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