I'padbeH u TOMOJIOTUUECKHE
N30JIATOPBI



OTkyna OepeTcs JIUMHEMHBIU CHEKTP ?

1. PenaTUBHCTCKUH CIIEKTP MAaCCUBHBIX YACTHII:
E= c[(mc)* + p*]"*— mc’ + p?/2m
2. HeuTpuHo
E=cpo= cpno no = (+-)1/2
CIIMPAJIbHBIE COCTOSHUS

BEKTOP O HEOOXOIUM JJIsI JIMHENHOTO CIeKTpa

3. «OOBIYHBIE» MACCUBHbBIE AJIEKTPOHBI B
HEPEJATUBUCTCKOM Mpejiesie UMEIT CIINUH, HO OH
He CBSI3aH C OpOUTAIBLHBIM JBUKEHUEM



«AenTPMHO» Ha CToJie: YaCTuubl C
PENATUBUCTCKUM CMNEKTPOM KakK
3/1eMeHTapHble BO3Oy)XOeHns B

KpucTasax

1. I'paden LI r 8 .. .

2. Tornonorn4yeckme n3oaaTopsbl




Interesting Physical
Properties

Semimetal (zero bandgap); electrons and holes coexist
Massless Dirac elecfrons, d=2

Graphene electron band structure,
mimic Dirac electrons at points K and K

Manifestations: “relativistic” Lorentz invariance K'
with Fermi velocity instead of light speed



Electron properties of graphene

GRAPHENE ALLOTROPES
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Tight-binding model
on a honeycomb lattice

Conduction band

\Valence bandxs

: 0 "r"-ii-" s
o Lhrgy
Dirac model: \ s

Velocity v = dE/dp=10"8 cm/s = ¢/300

Density of states linear in E,
and symmetric N(E)=N(-E)

K K
Other effects: next-nearest neighbor hopping; spin-orbital coupling;
tricional wartino (Al 1l SBMAL L S



Real space, reciprocal space
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Graphene: tight-binding model
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Electronic Properties of Graphene
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Linearize H near K and K'
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Low energy properties I
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Low energy theory: E
E T | 2D massless T

( , Dirac Fermions v,
K

Dirac (k+p) Hamiltonian
left -handed (k*p) right-handed

H=hv.0o %k
E = bhv,|k|

| o —ibe ™"
|k >= EE o012

“spin” = molec. orbital state

Bomipoc: cKo0JIBKO Bcero pasHbIX KBaHTOBBIX cocTossHHH ¢ K=0 B rpadene ?

3aaaua 1: IlycTb ecTh AByXcAOWHBIN rpadpeH. Kakoi TaM ciiexTp npu
HU3KMX YHePIruax ?




Relativistic electron in
magnetic field

.-"I':'

Lon = '”’H“('”}|"'3|l’sgfnﬂ ey = hyy (EE'Jif/hﬁ‘)J"' }

Particle-hole symmetric; has a zero mode

En x +/n, VB
Separation between low-lying LL 1s very large,

1000 K at 12 = 101" — room temperature QHE

Explanation: Hraui-schreedinger =2mM(Hbirac )2

3araua2 Haiitu Bech ciekTp rpadpeHa B MarHUTHOM IOAE



MOo>XHO Nnerko ynpaBJidaTb NMNIOTHOCTBIO
IAJ1IEKTPOHOB 3J1IEKTPNHECKNM 3aTBOPOM

Bua cboky:




“Half-integer” Quantum Hall Effect
Single-layer graphene:

QHE plateaus observed at i - 72
‘T bilager w monolayer ?
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Novoselov et al, 2005, Zhang et al, 2005
Recently: QHE at T=300K




Klein tunneling

Klein paradox: transmission of relativistic
particles is unimpeded even by highest barriers
Reason: negative energy states;

Physical picture: particle/hole pairs

Katsnelson, Novoselov, Geim
Example: potential step

&

10 b - Vi \_} . 1F|:|~ 0ocxe= 1),

08 II! II..-'"_ .'II . B otherwise.

I|I Il." Illl #.-"";.:'I ) . . I:t,:l..l+:|.':._—|-'.|'\.:l{.:-:.-|_ ¥ <=0,
i o Transmission angular .y = | et beejet, 0<x=D,

| L~ dependence . ke
2l ) g(elharti — pa—Hur—id)aibey, x =0,

. | \)n Walx,y) = § Flaent¥_peiweingle, Qox<D,
RS _ _ Limit of extremely high
“;r.\.x "‘» S/, Chiral dynamics of massless ;5 ier finite T 5
TS Dirac particles: no backward 5
"\ scattering (perfect Rl —
"5 transmission at zero angle) L= (g I

3apaua 3: Berumcautb ko3dpdpunmenT npoxoxxaeaus T mpu odeHb 60ABIIOM vV,



Kak coenatb rpadeH cBepxXnpoBoaALLUM ?

Theory of proximity-induced superconductivity in graphene

M. V. Feigel'man,” M. A. Skvortsov, and K. S. Tikhonov
L. D. Landau Institute for Theoretical Physics, Moscow 11933}, Russia and
Moscow Institute of Physics and Technology, Moscow 141700, Russia

b>a
O Grenoble group, 2013:
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Tononorndyeckume
N30JIATOPLI

* [lpocTeniinm npumMep: 30HHbIN
OVNSTIeKTPUK (3-MepHbI nnn 2-
MepPHbIN), 00pa3yrLNN YCTONYUBLIE
NOBEPXHOCTHbLIE NpoBoAdALLMNE
COCTOAHNSA

* ObobuieHne: nwbasa cuctema co
LLLeNIbIO B CMEeKTpe B 0ObEME, HO
be3lweneBbIMN COCTOAHUAMMN Ha
MNoBepXHOCTU (HanpuMmep, TakoB
cBepxTeKky4unun ‘He-B)
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[lpeoncrTopusa: ;

Puc. 1.. UnBepcHa 30H L’}_ B Pby _+ 8Sn,Te(Se)

a

[Tucema 6 X3TO, 10m 42, evin. 4, c1p. 145 - 148 25 aszyera 1985 2,
BEIMACCOBBIE [IBYMEPHMIE JTTEKTPOHBI B MHBEPCHOM KOHTAKTE
b.A.Boaxos, 0.A.lanxparos

Tlpeanoxen HOBBIA THT IONYNPOBOMHHKOBAIX CTPYKTYP H8 0CHOBE KOHTAKTa [IBYX MaTepH3-
0B ¢ B3aHMHO HHBEPTHPOBAHHBIMH 30HAMH. KadectBetHOR 0cOBeHROCTRI TAKOMO KOHTAKT
ABTACTCH HATH'HC B HeM HE3ABHCALLMX OT BJIA iepexofOR 06MACTH 3MeKTPOHHAIX COCTORHHH
C JHHERHBIM 1BYMepHbIM CriekTpoM. Oripellenell CBONCTBA HHBEPCHOTO KOHTAKTE BO BHEL-
HEM MATHHTHOM (oM. '



B 1ByX30HHOM NpHGIIHXEHHH JHepre THYECKHI CTIEKTP TAKOTO KOHTAKTA OMHCHIBAETCA ypas-
HeHueM Jlupakca ¢ 3aBucsimel 0T KOOPAMHATH! Z IUHPHHON 3aNpeIeHHON 30HBI:

—c feg /2% ‘ﬁ’) (x_) =0, 1)
. ~fegf2+ap ~ € X, /

= . o
rae 0 — matpuupt Ilayms, p =—ih(@ V , vl?y, Y V,),0Ch z HallpaBjeHa N0 TPHIOHANbHOM
OCH KpHCTAIUIA, X, — [ABYXKOMIOHEHTHBIE CIIMHOPBI. ECIH 1O pasHble CTOPOHbI KOHTAKTa 3HAKH
€, DAVIHHEI (Eg (—o0)<0, € (+ %0)>0), TO0 He3aBHCHMO OT KOHKPETHOr0 BH/IA DYHK -

UHH €,(Z) Beerna cymecTsyior fga JIOK/IM30BAHHEIX Y KOHTAKTa PelleHNs ypaBHeHus (1) *
+ exp(—i6/2) |z
¥ =4 0 e — — [ €efz)dz + ik, 5,
* 0 | P 2ho, fu 5?/ 1 2)
exp(i0/2)

roe k = (k,, Icy, 0), exp(i 6') = (k + _fk}, ) ki . TopcranoBko# (2) B (1) mMexHO yGemuTs-
CH, UTO B IUIOCKOCTH (X, ¥} byHKUHMH ‘-I"i YIOB/IETBOPAT ypaBHeHHI0 JllpaKa ¢ HY/IeBOH Mac~

COM, YHHTAPHO JKBHBAJICHTHOMY YypaBHeHHI0 Beivia. CooTBeTCTBYIOIKMHE HEBBIPOXKIEHHbIN Ge3-

MAacCOBBIH CIIEKTp e
€ok)=*huyk 3



[[aMNbTOHWMAH
MOBEPXHOCTHbLIX 3/1eKTPOHHbIX
COCTOSAHUNI

H= v(-ig-eA)ag + g,.0B

—— 3eeMaHOBCKWUN

NBYMEPHbIN rpaaneHT HJ1EH
BAOJIb MOBEPXHOCTMU

LLilenb B cnekTpe nponopunoHasabHa g.B,



CpaBHUM C rpaeHom:

* OOWNH «ONPAKOBCKNN» hepMUnNOH
BMecCTO 4-X B rpadeHe (TamMm 2 O0JINHbI
N 2 NpoeKkuumn crmHa)

° [lceBOOCMUNH N3 yp-HUNA Llnpaka - 3TO
«MOYTU>» peasibHbl CMNH 3N1eKTpoHa (B
rpapeHe - 3To NHAEeKC nogpelleTok, He
CBSA3aHHbIA CO CNUHOM)

* [lo3TOMYy MarHuTHoe noJie 1 MOBEPXHOCTU
OTKpPbIBAET LeJsib B CNeKTpe

3apaua 4 HaiTy cieKTp MOBEPXHOCTHBIX COCTOTHUMN
TH B momepe4yHOM moae




Quantum Spin Hall Insulator State
in HgTe Quantum Wells

Markus Kanig,? Steffen Wiedmann,® Christoph Briine,® Andreas Roth,® Hartmut Buhmann,®*
Laurens W. M{:-l-enll;amp,l* Xiao-Liang l}i,z S ho u-Cheng Zhan-gz

Hoeas ucmopus.  Science 318 766 (2007)

Conductance
channel with

up-spin charge
carriers

Conductance

channel with
Quantum down-spin
well charge carriers

Schematic of the spin-polarized edge channels in a quantum spin Hall
insulator.



Hik ) dy + idy = A(ky + iky) = Ak,
Hasslho k) = (%) |
et (Ko 0 H'(-k) ) dy =M -2 +2),M < 0 leads to
H = e(k) +d,(k)o; er = C D[kf_ﬁﬁ:,surface anomaly

Recent theory predicted that the quantum spin Hall effect, a fundamentally new quantum state of
matter that exists at zero external magnetic field, may be realized in HgTe/(Hg,Cd)Te quantum wells.
We fabricated such sample structures with low density and high mobility in which we could tune,
through an external gate voltage, the carrier conduction from n-type to p-type, passing through an
insulating regime. For thin quantum wells with well width d < 6.3 nanometers, the insulating regime
showed the conventional behavior of vanishingly small conductance at low temperature, However,
for thicker quantum wells (d > 6.3 nanometers), the nominally insulating regime showed a
nlateau of residual conductance close to 2e/h, where e is the electron charge and h is Planck’s
constant. The residual conductance was independent of the sample width, indicating that it is caused
by edge states. Furthermore, the residual conductance was destroyed by a small external magnetic
field. The quantum phase transition at the critical thickness, d = 6.3 nanometers, was also
independently determined from the magnetic field-induced insulator-to-metal transition. These
observations provide experimental evidence of the quantum spin Hall effect.

KpaeBble COCTOAHUA HE UMEKDT paccesHUsa Ha3a



No back-scattering !

* CrnnH ogHO3HA4YHO CBA3aH C NUMIMYJ1IbCOM.

<1|2> =0 ecnu Hem s8HO criuH-
3asucsiue20 83aumooelicmeus



HTo Takoe TOoMnoJormny. N3oa4Top - 2

JdNneKTpoanHaMnkKa C O-4/1eHOM:
ALgxion = 9(6’2/27(/’1(3)3 - E

©=T1 (2n+1) ANsi COXpaHeHust T-MHBapUaHTHOCTH

B 2n+1

Sap = — fd?';rdt#”””ﬂ#Ayri'},:,:il,,. exp(iSBD)= (-1 )n

—

i

AN UHTEerpana rno 3amMKHyToOMYy NPOCTPaHCTBY

(n3noxeHne no matepumany M. Franz, Physics 1, 36 (2008)



Uto OyaeT npu © # CONST ?

NpocTOoun
N30ATOP

=0

Ton.
N30JIATOP

O=TT

V-E=op—(e2/2thc)VO - B

VXB:afE

; :

(e?/27thc) (VO x E + 0;0B)

AHOMa/bHbIE YNeHbl CUAAT Ha rpaHuue
T-MHBAPMAHTHOCTb TaM HapyLlleHa



MarHnto-anekTpmuyeckmum adodoekT

A magnetic lield applied perpendicular to the same inter-
face introduces (n + 1/2) electrons for each flux quantum
of applied field. The shaded region corresponds to the
charge density, p, of the electrons, which mainly concentrates
around the boundary between the two insulators and is largest
where the magnetic field is strongest. (Ilustration: Alan
Stonebraker/ stonebrakerdesignworks. com)

Tt
N
0
Kpome T0ro,

(Left) A quarlfum Hall effect occurs without strong mag- qu(be KT Keppa —_

netic field when an electric field applied in the plane of

the interface between a topological (red region) and an or- BpalweHNne rnintoCcKoCTn
dinary (blue region) insulator (or vacuum) induces a pre-
cisely quantized current perpendicular to the field. (Right) nonAapm3aumn

OTpaXXEeHHOro CeBeTa

oy = (e2/h)(n+1/2)



ObbeKTbl, U3BECTHbIe KakK
Tonosiorndeckmne M1zonaTtopsl
mnn Ton. CBepxnpoBOOHUKN

 3D: BIi,Sb, Bi,Se, Bi,Te, TI Bi Se,

°* SHe-B H.KonHuH etal J.LowTemp.Phys. 85, 267 (1991)

[.BonoBuk [llncbma XKI3TD 90, 440 (2009).
Topological superfluid ‘He-B: fermion zero modes on interfaces and
in the vortex core M.A. Silaev, G.E. Volovik arXiv:1005.4672



JkcnepumeHTbl ARPES

namre Vol 452| 24 April 2008 |doi:10.1038/nature 06843

LETTERS

A topological Dirac insulator in a quantum spin Hall
phase

D. Hsieh', D. Qian’, L. Wray]r Y. Xia', Y. S. Hor*, R. J. Cava” & M. Z. Hasan"


http://arxiv.org/find/cond-mat/1/au:+Silaev_M/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Silaev_M/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Volovik_G/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Volovik_G/0/1/0/all/0/1
http://arxiv.org/abs/1005.4672
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Figure 1| Dirac-lke dispersion near the L-point in the bulk Brillouin zone.
Sclected ARPES intensity maps of BiggShy y are shown along three

k-space cuts through the L-paoint of the bulk 3D Brillouin zone. The
presented data are taken in the third Brillouin zone with L, =29 A " with a
photon energy of 29V, The cuts are along the k-direction (a); a direction
rotated by approximately 107 from the ky-direction (b); and the ke-direction
(c). Here, & symbalizes a change along a particular k-direction. Each cut
shows a A-shaped bulk hand whose tip lies below the Fermi levd, signalling a
bulk gap. The surface states are denoted 55 and are allidentified in Fig. 2 (for
further identification via theoretical calculations, see Supplementary
Information). d, Momentum distribution curves corresponding to the

K=if, O, 2.0)= La &,
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intensity map in a. f, A log-scale plot of the momentum distribution curves
corresponding to the intensity map in €. The red lines are guides to the oye
for the bulk features in the momentum distribution curves, e, S5chematic of
the bulk 20 Brillowin zone of Bi;_5b, and the 2D Brillowin zone of the
projected (111) surface. The high-symmetry points I', M and K of the surface
Brillonin zone arelabelled. The schematic evolution of bulk band energics as
a function of x is shown, The L-band inversion transition occurs at x = 0.04,
where a 30 gapless Dvirac point is realized, and the com position we study
here (for which x=0.1) i indicated by the green arrow. A more detailed
phase diagram based on our experiments is shown in Fig, 3¢
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: (Color) Crystal and electronic structures of BizT'es

tace BZ. (d) ARPES measurements of band dispersions along
K -T'—K{top) and M —I'—M (bottom) directions. The broad
bulk band (BCB and BVB) dispersions are similar to those
in panel (b), while the sharp V-shape dispersion is from the
surface state band (55B). Energy scales of the band structure
are labeled as: Eo: Binding energy of Dirac point (0.34eV),
E;: BCB bottom binding energy(0.045eV), Ez:bulk energy
gap(0.165¢V ) and Ej3: energy separation between BVE top
and Dirac point (0.13eV). (e) Measured wide range F'S map
covering three BZs shows that the FSs only exist around T
point, where the red hexagons represent the surface BZ. The
uneven intensity of the FSs at different BZs results from the
matrix element effect. (f) Photon energy dependent F'S maps.
The shape of the inner FS changes dramatically with photon
energies, indicating a strong k. dependence due to its bulk
nature as predicted in panel (c), while the non-varying shape
of the outer hexagram FS confirms its surface state origin.

(a) Tetrad}'mlte—tg. pe crystal structure of BizTes, formed by
stacking quintuple-layer groups sandwiched by three sheets

of Te and two sheets of Bi.

(b} Caleculated bulk conduction

band(BCB) and bulk valance band(BVB) dispersions along
high symmetry directions of the surface BZ (see inset), with
the chemical potential rigidly shifted to 45meV above the

BCEB bottom at to match the experimental result. (c) The k-

dependence of the calculated bulk FS projection on the sur-



Topological Insulators with Inversion Svimmetry

Liang Fu and C.L. Kane

Bloch wavelhnetions
[t = €57 |un k).

We require |y kpq) = [¥na) for reciprocal lattice vec-
tors (3, so that the Brillonin zone in which K is defined 1= a
torus. This implies |y xpc) = e % T |y k). Time rever-
sal symmetry implies [H, ©] = 0, where © = exp(irS, | K

2% = —1. It follows that H{—k) = @H (k)@

There are special points kK = I'; in the Brillonin zone
which are time reversal mvariant and satisfv —I; =
['; + G for a reciproeal lattice vector (. There are eight
such points in three dimensions and four in two dimen-
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Phys Rev B
76, 045302 (2007)
75, 195312 (2006)
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FIG. 2: Schematic representations of the surface energy levels
of a crvstal in either two or three dimensions as a function of
surface crystal momentum on a path connecting A, and Ag.
The shaded region shows the bulk continuum states, and the
lines show discrete surface {or edge) bands localized near one
of the surfaces. The Kramers degenerate surface states at A,
and As can be connected to each other in two possible wavs,
shown in (a) and (b}, which reflect the change in time re-
versal polarization 7.7, of the evlinder between those points.
Case (a) occurs in topological insulators, and guarantees the
surface bands cross any Fermi energy inside the bulk gap.
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Tnpnlnéical field theory of time-reversal invariant insulators
Xiao-Liang Qi, Taylor L. Hughes and Shou-Cheng Zhang
Phys. Rev. B 78, 195424 (2008) — Published November 24, 2008

THE TOPOLOGICAL INSULATORS IN 2 4+ 1
DINMENSIONS AND ITS DIMENSIONAL

HEDUCTION

H=Y c h"k)eg Rel
Zk: k4 H ~ Z Lfkh

e2
Try = h 2 fd& fdk' fay (K
Ha(

with f., (k) = dk: dk:

ai(k) = —i >

HEE OCC

, I =x,.

C )
j# — _lE“pTﬂzfﬂ’iT &
2T Seff = A

e=h=1

dh(k)
Ck + Z 4 'er_|_q 9 &;l Ck—qu

dk, fdk fry(k) €

ji = on€e’E;

o(B) — po = ouB

f Pz f dtA, e ™8, A,



Example: two band models

3 The occupied band satisfies
Ty " a . _ ]
h'l:‘k’:l o Z dﬁ“ (k':lg ™ El:‘k':l]I (d(k)-o) |-, k) = — |d(k)||—, k), which thus corresponds

a=1 to the spinor with spin polarization in the —dik) direc-

1 . ad  ad
C ey | dicyd - .
e / ok, = Ok,

hik) = (smmk,)o. + (sink,)o,
BZ of k S, of d(k) + (m +cosk, +cosk,)o.,

1, O0<m< 2

FIG. 1: Illustration of the Berry's phase curvature in a two- (_-T]_ = —1 . —2 < 1N < ]
band model. The Berry’s phase §. A - dr around a path €' in )

the BZ is half of the solid angle subtended by the image path - otherwise.
d(C') on the sphere Ss.

m+2 k. —ik,
HenpepbiBHbIN npegen: 0<m +2<<1 hlk)= \ k. +ik, —m—2



Crossover of Three-Dimensional Topological Insulator of BizSe; to the

¥i Zhang', Ke He' ', Cui-Zu Chang'?, Can-Li Song™=, Li-Li Wang’, Xi Chen?, Jin-Feng

Jia®, Zhong Fang', Xi Dai', Wen-Yu Shan®, Shun-Qing Shen®, Qian Niu®, Xiao-Liang Qi°,

Shou-Cheng Zhang®, Xu-Cun Ma', and Qi-Kun Xug'?’

Two-Dimensional Limit
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Nature Phys.
6, 584 (2010)

B CIIeKTpe MOBEPXHOCTHBIX
COCTOIHMMN M3-3a IepeKpbITUI
BOAHOBBIX (pyHKIIUI BepXHEN
Y HVDKHEeM IIOBepXHOCTeN

e g < 0.10 \ -
it ""_“:F._.:"’_— 0.05 &
e 0.00 O—0—0
k, 2 3. 4 5 6 7 8
Thickness (QL)

Green and blue colours represent the states that mainly localize at surface and
interface, respectively. The inset shows a schematic illustration of the surface states
of BizSe: film above (night) and below (lefty & QL. The solid and dashed lines
represent the surface states that mainly localize at surface and interface of Bi.Se; film,

respectively. The red and blue colours of the lines represent different spins. d,



TyHHenb ons CBA3M C aHTUMOAAMM

Yi Zhang, Ying Ran, Ashvin Vishwanath
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P+ 1 ToHKasg 6beckoHe4YHas nnacTuHka TU

b, | Ha BepxHen n HuMXXHeun NoBepxXHOCTAX XUBYT
o ONPaKOBCKWME 3/IeKTPOHbI
E_“_Trm (Kak B rpaeHe, HO HeT 4-BblpOXXOeHNA)

CKBO3HOW TYHHe b paanyca R conep>XuT Ha
BHYTPEHHEN NMOBEPXHOCTN COCTOSAHUS CO CMEKTPOM

EZ(k) = B*(k* +n®/R?) n=m +% - (P/D,)
m — uenoe uncrno @, =hc/e - KBaHT MArHUTHOTO TIOTOKA

3aaraua 6 BriBecTu 3Ty POpMYAYy AAS CTIEKTPa COCTOSIHUM B TOHHEAE



Signatures of Majorana fermions in
hybrid superconductor-semiconductor nanowire devices

V. Mourik, K. Zuo, S.M. Frolov, S5.R. Plissard, E.P.A.M. Bakkers, L.P. Kouwenhoven

% o 'I a1

- N 1. - - - | Y
\ Figure S1: N-NW-S device fabrication

A : Device 1 Device 2 ) evice 3

1 um . 1pm

2 Ti/Au NbTiN

[ InSh nanowire [l

wide gates silicon nitride
?ine ates

silicon oxide

A, SEM images of three N-NW-5 [Normal-Nanowire-Superconductor) devices in which the
main findings of this paper are reproduced. Field directions are indicated with arrows. Device
2 was measured in 2 3-axis vector magnet. Devices are fabricated simultaneously. Nanowire
diameters are 11010 nm (devices 1 and 3} and 100£10 nm {device 2). B, Schematic of a
device cross-section.

Nanowire growth details. InSb nanowires are grown by metalorganic vapor phase epitaxy
from gold catalysts, as described in Ref. (15). The wires in this work are grown on 5i
substrates. First, stems that consists of InP and InAs segments are grown. Then a stacking-
fault and dislocation-free zinchlende InSb segment of high mobility (10%-5-10%cm2/(vs) is
grown in the 111 crystal direction. & single batch of wires is used for all N-NW-5 devices in
this paper.
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NNoBylwka ona depmmoHa MawnopaHsl

Majorana state on the surface of a disordered 3D topological insulator

Phys. Rev. B 86, 035441 (2012)

P. A. loselevich, P. M. Ostrovsky, M. V. Feigel'man
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