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V. Mourik, et. al, Science (2012)

Coupling normal material with superconductor allows to engineer 
nanostructures that inherit properties of both

Engineering of topological phases and exotic quasiparticles

Majorana fermion resolved by transport measurement

What is so exciting in physics of Normal (N) - Superconductor (S) hybrids?

The promise of fault-tolerant quantum computation

- Two Majorana bound states forming a qubit
- Braiding as a tool for quantum gates

But:
- The fabrication technology of hybrid nanostructures 

needs to be perfected
- The properties of actual experimental devices needs 

to be understood



Conductance of a normal system

B. J. van Wees, et al., PRL (1988)



How Andreev reflection modifies conductance of a NS hybrid?

C. W. J. Beenakker, PRB (1992)



Measured QPC steps

H. Zhang, et al., arXiv (2016)



BdG Hamiltonian:

Model system

C. W. Groth, et al., NJP (2014)



Mode mixing in a normal system

No disorder Weak disorder



Coherence length ξ = ħvF /Δ ~ 500 nm.

Andreev reflection and QPC as a magnifying glass for a residual disorder



Is it a general feature?

M. Kjaergaard, et al. (2016)



Biased SNS junction - multiple Andreev reflections



Measured signatures of multiple Andreev reflections 

M. Kjaergaard, et al. Nat. Comm. (2016) What story does it tell?



Model for MAR 

D. Averin, et al., PRL (1995)



Fitting the conductance traces

No subgap features as peaks of 
the conductance!



Can we understand qualitatively the conductance?



Take-home messages
1. Selective mode transport through a QPC combined with Andreev reflections 

provide a magnifying glass to probe the transparency of proximitized 
semiconductor

2. Residual disorder destroys perfect quantization of Andreev-enhanced QPC 
steps

3. Conductance trace of a SNS junction governed by multiple Andreev 
reflections qualitatively differs between a transparent and an opaque junction

4. Determining the superconducting gap by tracing peaks in the conductance is 
misleading for transparent junctions
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The End
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