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Topologicabtatesof Matter

New states of Matter:

nln\Tmobel for 2D exotic matter

Physics award goes to theorists who used topology to explain strange phenomena.

BY ELIZABETH GIBNEY AND
DAVIDE CASTELVECCHI

avid Thouless, Duncan [Taldane and
D Michael Kosterlitz have won the 2016
Nobel Prize in Physics for their theo-
retical explanations of strange states of matter
in 2D materials, known as topological phases.
"The British-born trio’s work in the 1970s and
1980s laid the foundations for predicting and
explaining bizarre behaviours that experimen-
talists discovered at the surfaces of materials,
and inside extremely thin layers. These include
superconductivity — the ability to conduct
without resistance — and magnetism in very
thin materials. At the time, these mathematical ~ Physics prizewinners Michael Kost:
theories were quite abstract, said Haldane in an
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PERSPECTIVE

Topological states of condensed matter

Jing Wang'?* and Shou-Cheng Zhang*

Topological states of quantum matter have been investigated intensively in recent years in materials science and condensed
matter physics. The field developed explosively largely because of the precise theoretical predictions, well-controlled
materials processing, and novel characterization techniques. In this Perspective, we review recent progress in topological
insulators, the quantum anomalous Hall effect, chiral topological superconductors, helical topological superconductors and
Weyl semimetals.
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Topological States: Quantum Hall Effect

PISAINES

PHYSICAL REVIEW B VOLUME 38, NUMBER 14 15 NOVEMBER 1988-1
VoLuME 45, NUMBER G PHYSICAL REVIEW LETTERS 11 AuGust 1980

Absence of backscattering in the quantum Hall effect in multiprobe conductors
New Method for High-Accuracy Determination of the Fine-Structure Constant

Based on Quantized Hall Resistance M. Biittiker

1BM Thomas J. Watson Research Center, P.O. Box 218, Yorktown Heights, New York 10598
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REVIEW

Topological Quantum
Computation—From Basic
Concepts to First Experiments

Ady Stern™* and Netanel H. Lindner®?

Quantum computation requires controlled engineering of quantum states to perform tasks
that go beyond those possible with classical computers. Topological quantum computation
aims to achieve this goal by using non-Abelian quantum phases of matter. Such phases
allow for quantum information to be stored and manipulated in a nonlocal manner, which
protects it from imperfections in the implemented protocols and from interactions with the
environment. Recently, substantial progress in this field has been made on both theoretical
and experimental fronts. We review the basic concepts of non-Abelian phases and their
topologically protected use in quantum information processing tasks. We discuss different
possible realizations of these concepts in experimentally available solid-state systems,
including systems hosting Majorana fermions, their recently proposed fractional counterparts,

and non-Abelian quantum Hall states.

he principal obstacles on the road to quan-
tum computing are noise and decoher-
ence. By noise, we mean imperfections in

www.sciencemag.org SCIENCE

the execution of the operations on the qubits
(quantum bits). Decoherence arises when the
quantum system that encodes the qubits becomes

entangled with its environment, which is a big-
ger, uncontrolled system. There are two ap-
proaches to tackling these barriers. One is based
on complete isolation of the computer from its
environment, careful elimination of noise, and
protocols for quantum correction of unavoidable
errors. Enormous progress has been achieved in
this direction in the past few years. The other
approach, which is at the root of topological
quantum computation, is very different. It uses a
non-Abelian state of matter (/—10) to encode and
manipulate quantum information in a nonlocal
manner. This nonlocality endows the informa-
tion with immunity to the effects of noise and
decoherence (2-6).

Non-Abelian States of Matter

Several properties define a non-Abelian state of
matter (I, 2, 6-10). It is a quantum system whose
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@f Why InSb?
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InSbHeterostructures:
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optoelectronic devices.

Adigh bulk electron mobility (7.7 x 10m2/(Vs)),
small effective mass (0.018 jn »  high
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@f Why 2D InSb?

CNRNANO =

Problem:
ANanowire morphology limits device design flexibility.

Solution:
AEpitaxial growth ofnSbin the form of 2Blayers.

Challenges:
ALarge lattice mismatch with common semiconductor substrates.

Solution:
A2DInSbnanoflagson nanowire stem (efficient strain relaxation).
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2D InSbnanoflaggdNFs)

Twin-Induced InSb Nanosails: A Convenient High Mobility Quantum Free-Standing Two-Dimensional Single-Crystalline InSb Nanosheets
System D. Pan,” D. X. Fan,” N. Kang,” J. H. Zhi," X. Z. Yu,” H. Q. Xu,*" and J. H. Zhao™"

Marfa de la I\/'[\ata,+ Renaud Leturcq,*”:f_§ Sébastien R. Plissard,! Chloé Rolland,* César Magén,L
Jordi Arbiol,*"* and Philippe Caroff**¥
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NanoLett. 16 (2016) 825

NanolLett. 16 (2016) 834

Bottom-Up Grown 2D InSb Nanostructures

Sasa Gazibegovic,* Ghada Badawy,* Thijs L. J. Buckers, Philipp Leubner, Jie Shen,
Folkert K. de Vries, Sebastian Koelling, Leo P. Kouwenhoven, Marcel A. Verheijen,
and Erik P. A. M. Bakkers

Adv Mater. 31 (2019) 1808181
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@# Cchemical Beam Epitaxy (CBE)
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CBE system at NEST lab Schematic of CBE
Riber Compacf1 CBE for the growth of IV NWs

Ultra High Vacuum
(UHV) growth chamber
(base pressure:
10° Torr)

Metal-organic precursors
Group Il : TMIn, TEGa, TMAI

AN e A MR s s R S OO " | GroupV :TBAs, TBP, TDMASh,
my A ; Preparatio TM Sb

® !|chamber 3 % .
B n-doping :TBSe

Advantages of CBE system
ion M Direct control of fluxes

T & / o A N S Monolayer thickness control
(\ /8 | -y 7, Abrupt interfaces
> il ~ Good control of composition and doping profiles
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@ People Involved
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Devicesk: Transport Theory TEMCharacterization Numerical Simulations
AGH

Matteo Carrega  Francesca RossiI




@ Alignmentof INPNWsfor growth of INSONFs
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@) Growthof InSbnanoflags

CNRNANO =
(a) (b) Configuration A Configuration B
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@) Growthof InSbnanoflags
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Defectfree InSb
zinc blende
lattice

InSbnanoflags
Length2.8>m
Width 470 nm
Thicknes4.05 nm
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@ SEM oinSbNF Halbar device

CNRNANO =

L =1.5m
W = 325 nm
d =100 nm

10 nm T1/290 nm Au
Substrate: SI/SIO
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@) InSbElectronMobility
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@ Nb/THInSb Nanoflagpased JJs

CNRNANO =

10 nm Ti1/150 nm Nb
Substrate: SI/SIO

L =200 nm
W = 700nm
d =100 nm

ooooooooooooooooooooooooooooooooooooooooooooooooooo

S Salimiaret al., Appl PhysLett 119, 214004 (2031 E E Ili-:m




@ Nb/THInSb Nanoflagpased JJs

CNRNANO =

10 nm Ti1/150 nm Nb
Substrate: SI/SIO

L =200 nm
W = 700nm
d =100 nm

T.= 8.44K
Nn=176kgl.= 1.28meV

ooooooooooooooooooooooooooooooooooooooooooooooooooo
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@ V-1 showssupercurrent
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@ F rau n h Ofe rP atte rn (S;(rens?(lz:uoglf Srﬁtagzgrt]ilation in cryostat)
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@ FraunhoferPattern
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Why no sides lobes in tHeaunhofemattern?
A Evenodd effect? (de Vries et alPhys Rev. Res. 1 (2019) 032031)
A Narrow junction? Cuevas Bergeret Phys RevLett. 99 (2007 217002)
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