Outline:

First Lecture: general introduction, application to
conventional SC junctions (non-int, steady-state)

Second Lecture: effect of interactions (DCB),
quench dynamics, time-dependent FCS

" Third Lecture: topological superconductors\

featuring MBS, two terminal, multiterminal,
Klr\teractior\ effects )




Majorana “fermions” in Condensed Matter

Alicea, Rep. Prog. Phys. 2012
General properties Beenakker, Annu. Rev. Con. Mat. Phys. 2013
Aguado, Nuovo Cimento 2017
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{ Yis Vq } = {51' 4§ Non-abelian statistics

Physical realizations: zero-energy excitations in Topological Superconductors
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‘Intrinsic’ p + ip superconductivity: SroRuOy4



Artificial topological superconductivity in nanowires

(a) N (b)® =0 AL
. . . S~
Inducing TS in 3DTI nanowires _-:»"‘ \/
B >
Cook and Franz, PRB 2011 swave superconductor / \
Z 1N
(Q @ = he/de E (d)@ = hef2e, g
.
«.‘: -‘;: | k

Oreg, Refael & von Oppen, PRL 2010

D class TS in Rashba nanowires Lutchyn, Sau & Das Sarma, PRL 2010

(a) ©  An/A (d)
- " B ' ' Tr._::-polo— , swave SC ¥ P
'Z; 1D wire gical {E 72
o~ —I1 D wire —I
s-wave superconductor Trivial w/ a




Search for Majorana bound states
in semiconducting nanowires
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Experimental evidence:

InSb nanowires
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Multiterminal nanowire devices




Hamiltonian approach
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TS case: Boundary GF for the Kitaev model

L/R chains in real space infinte chain (k space, Nambu)
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Boundary GF for the Kitaev model

Zazunov, Egger & ALY, PRB (2016)

Boundary GFsin t>>A limit
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N-TS case: conductance and noise

Zazunov, Egger & ALY, PRB (2016)
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Nagging issue: 2e4/h or not?
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Similar results in Zhang et al, Nature (2018)
for InSb nanowires

Nichele et al. PRL 2017
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® Data
— Eq. (1)
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Equilibrium TS-TS case: frequency dependent noise

Zazunov, Egger & ALY, PRB (2016)
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Non-equilibrium TS-TS case: MAR regime

Zazunov, Egger & ALY, PRB (2016)
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S-TS case: differential conductance

Zazunov, Egger & ALY, PRB (2016)
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Multiterminal S-TS junctions

Previous work: topological Heck et aI.I, PRB (201C4) .
i - > Ri t al., Nat ,
states from multiterminal iwar et al., Nature Comm. (2016)

Two-terminal S-TS: Zazunov & Egger, PRB (2012)

“ Josephson blockade Zazunov, Egger & ALY, PRB (2016)

Three-terminal S-TS: lifting of Josephson blockade?
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Multiterminal S-TS junctions: role of MBS spin structure

MBS spin canting angle

MBS spin-structure in single wire: ©)
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Multiterminal S-TS junctions: modeling
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Multiterminal S-TS junctions: CPR results
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Boundary GF for the spinful wire model

Zazunov, Egger, Alvarado & ALY, PRB (2017)
Infinte wire (k space, Nambu)

Hy = Z \IJT — )ooT. + asin(k)o. 7. + Voo, 70 + AooT:) Vi
Y J €(k) = —2t (cos(k) — 1)
T
H}g \Ijk — (ckTa Ckl » CT_,I@\L:' _CT_AT>

Infinite wire: Real space GF as contour integral

A

Im z

GOk,w)=[w—Hi] " 2 =¢

A dz /\' T
e (w)_jﬂ G0z, w) ™ \/ Rez

Im _, iz

Dyson equation for chain breaking
. . N S 0O 1
g = Goo— Gy (GBO) Gl o—o0—0—0—@
3)

A A A -1 .
gr = Gy — G (G) Gl




Boundary GF: LDOS and spin canting angle
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Josephson in S/TS (spinful model)
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Multiterminal S-TS junctions: CPR across topo transition

L =5meV “‘parallel” case
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Charging and Interaction Effects



Transport through Majorana wires: effects of interactions?
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The Majorana Single Charge Transistor model

Hitzen et al. PRL (2012) A A .
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Results from Master equation approach
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Experimental realization of a MSCT

InAs nanowires + epitaxial Al Albretch et al. Nature (2016)
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Zero-energy pinning from interactions

Dominguez, Cayao, San-José, Aguado, ALY & Prada, NP QM (2017)

Apparent absence of MBS hibridization in finite wires
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Zero-energy pinning from interactions

Dominguez, Cayao, San-José, Aguado, ALY & Prada, NP QM (2017)
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Knapp et al, PRB (2018)
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Related work

Effect of non-uniform electrostatic potential

C. Moore, T. Stanescu, S. Tewari
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Conclusions (third lecture):

Extension of Hamiltonian Approach to TS case:
boundary GFs for Kitaev and spinful models

Analytical results for NTS, TSTS, STS, etc

Lifting of supercurrent blockade in STS
(multiterminal and S-QD-TS)

Charging effects: the Majorana single charge transistor

Interaction effects: MBS zero energy pinning and
quantum dot formation
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