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# Yro Takoe 3pdexT Oin3ocTH? rnjaH

#®AHIpeeBCKOE OTpaKeHHe HA TPaAaHUIle HOPMAJIBbHBIN MeTAJLI -
CBEPXIPOBOJIHUK.

#Tpancunopr 3apsana. KoHgakTaHc rpaHuibl HOPMAJIBHBIA METAJLI —
CBEPXIIPOBOIHMUK.

# Tpancmopr TemJia.

#JI:k03edcoHoBcKkMe cucTeMbl. CBsi3aHHBIE COCTOAHUSL. TOK.
# KBazuuacTuubl B BUXPAX.

#AHJpeeBCKHEe AMbI, BOJITHOBOAbI, HHTEP(EpPOMETPHI.

# NHayuupoBaHHAsl CBEPXNPOBOAUMOCTL. MailopaHOBCKUE COCTOSIHUSA.



Proxim Ity effect. n,  Cooper pair density
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Oco0ennocTu 3pdexra 01M30cTH B PpeppoMarHeTuke
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A ekt onusocTu.
INuHa KOrepeHTHOCTU B HOPMaNbHOM MeTarnne.
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AHAapeeBcKoe

oTpaXeHue
[Tagaromuii OTtpaxkeHHas
3JIEKTPOH bIpKa y
P P OTpaXKCHHBIN
HopmaiabHbIi BIEKTPOH .
apbep

MeTaJll
CBEPXIIPOBOIHUK CBEPXTOK

TpaHcnopT Tenna. SNSNS CTPyKTypbl — NPOMEXYTOYHOEe
coctosiHne (A.®.AHgpeeB 1964)
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TpaHcnopT 3apsaaa. SIN rpaHuua.
NMNonynpoBogHuKoBasa moaernb. Bonpochl.
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1. EcTb N nogweneBOoUu TOK?
2. N30bITOYHBbIN TOK
(excess current)



TpaHcnopT 3apsaga. SIN rpaHuvua.

A. lWenaHkoB (1980,1984). Blonder-Tinkham-Klapwijk
(1982).

Bonpoc: Tok onpepensiercs
NMAOTHOCTbLIO COCTOAHUN?
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SIN rpaHuua. NocTaHOBKa 3agauyum.
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SIN rpaHuua. KoadhdpumumeHTbl NPOXoXaeHNA U OTPaXKeHUs.
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SIN rpaHuua. KoadhdpumumeHTbl NPOXoXaeHNA U OTPaXKeHUs.
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Figure 3. BTK result for a tunnel barrier, for several values of the barrier strength
parameter Z. A gives the probability for Andreev reflection, B the probability for normal
reflection,. C the probability for transmission as a electron-like quasiparticle, and D the
probability for transmission as a hole-like quasipa-ticle (from ref. 24)



JlokanusoBaHHble cocToAAHUA Ha SIN rpaHuue.
Pe3oHaHCHOe aHOpeeBCKOe oTpaXeHue.

S Double barriers

S Midgap states
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SIN rpanumua. KoHaakTaHc.
YoBoeHUe KOHOaKTaHca 6annnucTn4yecKoro KOHTaKkTa.

Lapdg.uer_formula, Gn = 2e%/h E T,
4e
Z (2= T )2

SIN rpanuua. BAX.

FIG. 6. Current vs voltage for various barrier
strengths Z at T'=0. These curves attain their asympo-
totic limits only for very high voltages. For example,

the tunnel junction (Z =50) curve will be within 1% of
A / e the normal-state curve (dotted line) only when eV > 7A.
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SIN rpaHuua. KoHgaktaHc. BnusaHue npumecen. Zero-
bias anomaly.

digv (102"

Figure 6. Destruction of the zero-bias conductance anomaly in a W/I/Nb junction at
T=100 mK by an applied magnetic field and voltage (from ref.31).
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MoTok Tenna, nepeHOCUMbIN MOAaMKU KBasu4vacTul B noaxoae tuna JlaHaayapa
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AHppeeBCKUe CBA3aHHbIe COCTOAHUA




Electron confinement in a well:
standard quantum mechanics

U (x)




An alternative way to trap an electron comparing to the Shroedinger
potential well
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H=—-1AV o, —+c.A(S
J_Zas x()

energy=0




Volkov-Pankratov solution for the interface with the
band inversion

Two-dimensional massless electrons in an inverted
contact Pb; _ xSnyTe
E ~ Cd Hgy_xTe
B. A. Volkov and O. A. Pankratov i o :

P. N. Lebedev Physics Institute, Academy of Sciences of the USSR

(Submitted 20 June 1985)
Pis’ma Zh. Eksp. Teor. Fiz. 42, No. 4, 145-148 (25 August 1985)
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ba3zoean 3a0aua 0151 onucanus H)J/1e6blX MOO Ked3uuacmuuy
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IO>xo3edhcoOHOBCKUU TpaHCNOPT. AHApPeeBCKNe YPOBHU B
KOHTaKTax. Ipghexm /Dicozehcona

J=].sIN(p — o,
Briaja moaue/sieBbIX
COCTOSIHUY B CTALIHOHAPHBIN

CBEPXTOK: sg( N\ E o, (¢) & (¢)
1°9(g) = h;& ry tanh -

Bonpoc: Tok onpepensercs sin pasHocTtu ¢pas?

OTBeT: TONbLKO AN Mafion NPO3PaA4YHOCTU rPaHNLbI



Koporkuii 1-mogoBbIii koaTakt 0 << &

MUHHIIENTD 3a Crexrp

cyceT JIORAJIN30BAHHDbIX

HOPMaAJIBHOT'O <:| COCTOSTHUM ¢
paccesHus E/A =+cos >

Kulik-Omel 'yanchuk 1977

NI (7)) SER—
! Habercorn et al 1978
" 2T Zaitsev 1984
i Beenakker 1991

Bagwell 1992
Beenakker-Houten 1991

OnvuHHBbIN 1-MOO0BLIN KOHTAKT. CnekKkTp. d>>¢
K )~ (n+1/2)xhv,
S-N-S Number of levels N~dA/hv, &n(K;) = r

A.®.AHpgpeeB (1965)



Koporkuii 1-M010BbIil KOHTAKT
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AHApeeBCKUe YPOBHU B BUXPAX
Buxpepasa nuHus
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CBEPXTOK
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Quasiparticle states localized in the cores
Nonzero impact parameter

B C.Caroli, P.G.de Gennes, J.Matricon (1964)
k, =k, (cos@,,sin &)

Anomalous spectral
0 branch

Impact parameter 2\ \ u

Fermi level
classical
trajectory |
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Spectrum vs the momentum projection on the vortex
axis

T,u(ﬁp)d 0, =2z(n+ )
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d®epMUOHHLIE BO30YXXOAeHUA B BUxpeBou dase

CBepXnpoBOAHUKOB
NoyemMy OHU BaXXHbI?

Local DOS
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FIG, 3. Spectra taken at the center of a4 vortex core for vari-
ous Ta substitutions at 1.3 K and 0.3 T, The spectra are nor-

malized to the differential conductance at high bias.

Ch.Renner et al (1991)

NIuHaMuKa Thermal
BUXDEIA: transport
Auccunauusa un Thermal

ac¢pdekT Xonna .
B BUXPEBOIA conductivity along
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JKcnepuMeHTanbHble YKa3aHUA Ha TUN CBEPXNPOBOAALLErO CriapuBaHUA



STM HabnogeHus suxpeit. DOS  LDOS = |u, (F) 5(¢ —¢,)
A

week ending

PRL. 101, 166407 (2008) PHYSICAL REVIEW LETTERS 17 GCTOBER. S00& VOLUME 75, NUMBER 14 PHYSICAL REVIEW LETTERS 2 OcroBer 1995
Superconducting Density of States and Vortex Cores of 2H-NbS, Direct Vortex Lattice Imaging and Tunneling Spectroscopy of Flux Lines on YBa;Cu307-5
I. Guillamon,' H. Suderow,' S. Vieira,' L. Cario,” P. Diener,” and P. Rodiére” I. Maggio-Aprile, Ch. Renner, A. Erb, E. Walker, and @, Fischer
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PRL, 101, 166407 (2008) PRL, 75, 2754 (1995)



Ewe npumepb! aHOpee8CKUX SIM.
P-wave superconductors. Sr,RuO, as a possible candidate?
He-3

Free vortex Edge states
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Sample edge

1D P-wave
Vacuum or superconductor A(kx) — Ao px/ Pe

insulator

— A

+ A




1. Hautn cnektp kBasmnyactmuy B 1D 3a0auu
aHOpeeBCKOU siMe

2. Hantu cnekTtp kBasn4vactuuy B 2D
aHOpeeBCKOU sime

3. Hantu cnekTtp kBasunyactuy B 3D

aHApeeBCKOU siMe
4. Hantu Tok-cpazoBoe
COOTHOLLUEeHHue ans
OOHOMOAOBOro KOHTaKTa
Oxo3edcoHa

5. Hantu cnekTp KBasnyactuy,
B BUXpe

6. Bbluncnutb BAX NIS
KOHTAaKTa
7. Bbluncnutb BAX FIS
KOHTAaKTa



Anopeeeckuit unmepghepomemp
(B.T.Ilempawios, den Hartog, Nakano, Takayanagi...)
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NHayuupoBaHHas CBEPXNPOBOANMOCTb



Tunwvt Kynepoeckux nap 6 npupoOHbIX C8EPXNPOBOOHUKAX

B oonvuiuncmee

C6EPXNPOBOOHUKOE D- anusomponus Cnoxcnasa cumyayus 6

. COCOUHEHUAX C MANHCETIBIMU
KyREpOGCKULE napbl C6epxXnposooauell uieu 6

] ¢epmuonamu
CUHZ/lemHble, A Ue/lb S Kynpamax
muna

A ewge ecmb MHO2030HHbLE CBEPXNPOBOOHUKU!



Yto Takoe MHAYIIUPOBAHHAS CBEPXIIPOBOJIUMOCTh?

DTO CBEPXIIPOBOJIUMOCTh, KOTOpas MOSBIISETCS 3a cUeT A(PpdexTa OJU30CTH ¢ OOBIYHBIM
CBEPXITPOBOTHUKOM

3aueM OHa Hy»Ha?

J17151 TOro 4TOOBI YIIPABIATh CBEPXIPOBOJISIIMM COCTOSHUEM HIIH

CO3/1aBaTh HOBBIC TUIIbI CBEPXMIPOBOASAIINX COCTOSHUM

DIIEKTPUYECKHUE U
MAarHUTHBIC OIS

[ToJIynmpOBOHUK € XUTPHIM 3aKOHOM
JTHACIIEPCUM KBa3UYACTHIL



Yto Takoe MHAYIIUPOBAHHAS CBEPXITPOBOJIMMOCTD?

DTO CBEPXIPOBOJUMOCTD, KOTOpas MOSBISETCS 3a c4eT A(Pdekra OJIM30CTH ¢ OOBIYHBIM
CBEPXITPOBOIHUKOM

3a4yeM OoHa HyXHa?

J[7151 TOro 4TOOkI YIIPABIATH CBEPXIPOBOASIIMM COCTOSSHUEM WJIH

CO3/1aBaTh HOBBIC TUIIbI CBEPXITPOBOASIIMNX COCTOSHUM

Graphene
nanoribbons

nanowires

CBEepXNPOBOAHUK




Yto Takoe MHAYIIUPOBAHHAS CBEPXITPOBOJIMMOCTD?

DTO CBEPXIPOBOJUMOCTD, KOTOpas MOSBISETCS 3a c4eT A(Pdekra OJIM30CTH ¢ OOBIYHBIM
CBEPXITPOBOIHUKOM

3a4yeM OoHa HyXHa?

J[7151 TOro 4TOOkI YIIPABIATH CBEPXIPOBOASIIMM COCTOSSHUEM WJIH

CO3/1aBaTh HOBBIC TUIIbI CBEPXITPOBOASIIMNX COCTOSHUM

Topological insulators

2D Ha noBepxHoOCTU- 3D
—+ NPOBOAHUK
vl BHyTpU i
NU30NATOP BHyTpY
. NU30NATOP
Mo -
nepumMeTpy-

NPOBOAHMK



PHYSICAL REVIEW VOLUME 175, NUMBER 2 10 NOVEMEBER 1968

Tunneling Model of the Superconducting Proximity Effect

W. L. McMiirrax®*

Bell Telephone Laboratories, Murray Hill, New Jersey and Cavendish Laboratery, University of Cambridge,
Cambridge, England

Proximity and Josephson effects
in superconductor-two-dimensional electron gas planar junctions

A.F. Volkov 2, P.H.C. Magnée "*, B.J. van Wees °, T.M. Klapwijk ®
Physica C 242 (1995) 261-266

Thin film of normal metal

-____________________________________________________________ ISOIating
barrier

superconductor




Induced superconducting gap

2D layer
O
supe ctor
1.0‘_
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go.s-: t2
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Microscopic model.
Derivation.

ntd?
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Examples.
InAs (InSb) wire with induced superconductivity
\

Edge states

Vortex in 3D topological insulator coupled to superconductor
with a hole




Examples: Systems with induced superconducting order

Tononorun4yecku
HeTpuBUarbHas
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Nanowires in magnetic field and strong spin-orbit interaction
(P _ _.
H = (— + upT, — ,u,) 7. — Bo., + A1,
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Tononoa2u4yeckue ceoucmea 1D ecamunibmoHuUaHa

D¢ deKkTUBHBIN raMUILTOHUAH

Heff =7 m(k)

<\ManI/II_U>I [Tayau B mpocTpaHCTBE
SIEKTPOH-IBIPKa

3
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Coomeemcmeue o6beM - 2paHuya
n, =N,

et

Gapless edge state

vacuum

Reason: we can not go “smoothly* from the left medium to the right one
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Sample edge H = (Em o "”’) Tz

P-wave
superconductor
Vacuum or
insulator — A
>
+ A
Criterion of nontrivial topology:
MaunopaHoBCcKkue
2 2 COCTOSIHMA HA KpasXx
B> \/ U+ A | P

substrate




Systems with induced superconducting order

Signatures of Majorana Fermions in
Hybrid Superconductor-Semiconductor
Nanowire Devices

V. Mourik,** K. Zuo,** S. M. Frolov,® S. R. Plissard,” E. P. A. M. Bakkers,™? L. P. Kouwenhoven't

We use InSb nanowires (/5), which are
known to have strong spin-orbit interaction and
a large g factor (/6). From our earlier quantum-
dot experiments, we extract a spin-orbit length
lso = 200 nm corresponding to a Rashba param-
eter o = 0.2 eV-A (/7). This translates to a spin-
orbit energy scale o’m*/(2h%) = 50 peV (m* =

-400 -200 0 200 400

s-wave
superconductor




TTpobnembr cummeTpum OTKNUKAG (N1eBLIU-NPABLIA)
BrvsHue 6ecnopsaaka?

Non-Majorana states yield nearly quantized
conductance in proximatized nanowires

P. Yu®1, J. Chen®', M. Gomanko', G. Badawy?, E. P. A. M. Bakkers 2, K. Zuo?, V. Mourik®* and
S. M. Frolov®1&d

Left side G, (2€°/h) b Right side G, (2€°/h)
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Ewe cuctembr ¢ MamoOpaHOBCKUMU (PEPMUOHAMU.
Llenouku marHUTHLIX Tovek. Ho 3TO yxe coscem
Apyras uctopus...

magnetic nanoparticles

Majorana
zero-mode -



Hekomopbkie umoau

° Urpa HOpPManbHOroO N aHAPEEBCKOro OTPAXEeHUN —
HoBble 3 ¢eKkTbl MHTepdepeHUnUn KBasnvacTuml,

*MexXaHn3M ob6pa3oBaHUA CBA3aHHbIX COCTOSIHUM 3a CYeT
aHOpeeBCKOro oTpaxeHus

* M“HAyunpoBaHHaA cBepxXxnpoBoaAMMOCTb — BOSMOXHOCTHU
KOHCTPYUNpOBaATb HOBbIE€ TUMDbI KYyNnepoBCKUX Map




