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Outline of the 2nd section – Andreev reflection

❖ Andreev equations

❖ Andreev reflection

❖ Andreev states

❖ Supercurrent through a SNS junction

❖ Vortex core states



Andreev equations

Andreev equations



Andreev reflection

Consider The reflection process 𝒌 → −𝒌 is prohibited

In the normal region: In the superconducting region:

From the continuity of the wave functions at the interface:



Andreev reflection

For incident particle For reflected hole



Andreev reflection



Andreev states: SNS structures



Andreev states: SNS structures

Continuity at the right interface

Continuity at the left interface

denote then



Andreev states: SNS structures

Combining the both trajectories we obtain:



Andreev states: SNS structures

Consider the short junction limit:

For the long junction limit:

Short junction

Long junction



Andreev states: SNS structures

Short junction Long junction



Andreev states: supercurrent through SNS 

Current carried by the bound states

Current carried by the continuous spectrum states is zero

Case I. Short junctions. 



Andreev states: supercurrent through SNS. Point contact. 

Point contact – is a junction where two superconductors are connected via a short and narrow constriction

How to find C?



Andreev states: supercurrent through SNS. Point contact. 

-   Sharvin conductance

-  quantum of resistance



Andreev states: supercurrent through SNS. Point contact. 

Low temperatures:

is reached at

Temperatures close to Tc:

is reached at



Andreev states: supercurrent through SNS. Long junction. 

Consider the limit of low temperatures and very long junction 𝜔𝑥 ≪ 𝑇 ≪ Δ  that is 

It can be written as

with the critical current



Andreev states: vortex core states. 

𝜙

r
In the cilindrical coordinate frame 𝑟, 𝜙, 𝑧  

|Δ|
𝐻

The BdG equations take the form:

In the limit



Andreev states: vortex core states. 



Andreev states: vortex core states. 

Neglecting the second derivatives of 𝑔± we obtain:

Look for the solution in the form:



Andreev states: vortex core states. 

Match the solutions at 



Andreev states: vortex core states. 

Localized states form an equidistant spectrum:

Caroli, de Gennes, Matricon, 1964

The energy spectrum holds for

For larger 𝜇 energy approaches 





Problems to Section 2

2.2. Derive the expression for Andreev bound state energy spectrum in SNS structure at  

2.3. Find the energy spectrum and the wave functions of the short SNS junction at 

2.4  Find the wave functions for an SNS structure at                 .    
       Prove that these energies do not contribute to the Josephson current through the SNS structure

2.1  Find the deflection angle of the trajectory during Andreev reflection process
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