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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,
Interaction effects
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Topology
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Hybrid nanowire devices




Theoretical modeling

Minimal: lowest energy states Extended: large discrete basis
Role of interactions Role of.dlsorder
Analytical results Numerical
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Hamiltonian approach

Modeling Methods
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Keldysh Nambu formalism
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Functional integral representation
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Conventional superconductors:

Application to Superconducting Atomic Contacts



Fabrication techniques

Contact formation with STM
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Conductance steps
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Results for one-atom theoretical results
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Energy Scales

LODOS transrnission
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Transport between superconducting electrodes
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Experimental |V curves in superconducting contacts
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Andreev Reflection
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Andreev reflection between superconducting electrodes
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Multiple Andreev Reflection
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Model for single channel contact
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BCS leads
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Coupling two leads: NS interface
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Coupling two superconductors: relevance of phase difference
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Voltage biased SC contact: intrinsic time dependence
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Coupled integral equations for full GFs
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Theoretical |V curves for superconducting contacts
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Landau-Zener transitions between AS'’s
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Consistency with noise measurements
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Shot noise in superconducting contacts
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Effective charge Q" =5(0)/ 2el
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MAR in hybrid nanostructures

SWCNT + S leads
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SQDS: resonant MAR

IA>eV > A A eV > 2A3 ALY et. al. PRB 55, R3167 (97)
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MAR in Graphene
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Normal Transmission

2
252 — 2 (gn — kn)*
Tn =
eknl (g, — ky + 10)* + e=knl (g, — ky, — i0)

T 1
=W (n+ 5) kn =V, —6* 0= 6|Vgate|/h'UF

Channel superposition  1(V,t)=2)"1(V,t,q,)
n=0

N

. (a) 1 0.9” 0.8




=)

I [eAW/hL]

—

~ O

W

N

IR [Ale]

ARARAARAARA

i 2 L

(=]

[\

=N BANO|

AAARAARRA

dVidi (k)

08}

-700

-350

0 350 700
V@uVv)

LRy [A%e]

N
©n

N

—
V]

Excess current

1.I.I.I.I.I.
-10 75 -5 25 0 25

eV __L/hv
gate

75 10

wh



Kumaravadiel & Du, Sci. Reps. (16)
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MAR in InAs/Al nanowires Goffman et al, NJP (17)
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Conclusions (First lecture):

Basic introduction to Hamiltonian approach
techniques

Application to superconducting atomic contacts:
ideal test system for coherent MAR theory

Extension to other systems: hybrid carbon
nanostructures (CNT QDs & graphene)

Need to learn more on interaction effects (tbc)



