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High interface transperancy, 
deviation from sinusoidal CPR:Current-phase relation in a

Nb/InAs(2DEG)/Nb Josephson 
junction



Theoretical models which were usually used

All kind of ballistic contacts (long, short); 
disordered contacts (Chrestin,…, Kulik
Omelyanchuk)
Electron-electron interaction almost never taken 
into account (except paper of Aslamazov, 
Larkin, Ovchinnikov 1968)
No Rashba interaction, except I. V. Krive(2004), 
E. Bezuglyi(2002)



Asymmetry of the quantum well and 
the Rashba interaction



Hamiltonian of the SNS system



Main results

Andreev energy is determined via the 
Transmission probabilities, and for a short 
junction the relation is derived explicitly
Spin-splitting of the Transmission 
probabilities, leading to spin-split Andreev
levels
Independence of the semiclassical average of 
the total Josephson current on the spin-orbit 
coupling, derived for the general case of an 
arbitrary length of the contact and arbitrary 
Fermi-velocity mismatch, but without taking 
into account the electron-electron 
interaction



Equation which relates the excitation spectrum of the 
Josephson junction (the Andreev levels E) to the 
scattering matrix in the normal state S was derived by 
Carlo W. J. Beenakker in 1991



Derivation of the Beenakker formula – the 
condition of quantization of the discrete 
spectrum



Generalization of the Beenakker’s formula for Andreev
levels in presence of Rashba spin-orbit interaction



The role of boundary conditions on 
transmission eigenvalues



Spin-orbital effect on Andreev levels:
spin-splitting, four non-degenerate A.l.



Scattering  matrix S of S-Rashba 2DEG-S
junction in the normal state



Spin-orbital effect on Transmission 
probabilities: spin-splitting



Josephson 
current:
independence
on Rashba
(short 
junction)



Spin-splitted Andreev levels at an arbitrary 
length of the contact
(obtained via direct matching of the wavefunctions obeying BdG
equations in the 2DEG and in both superconductive regions)



Total Josephson current for the junction of an 
arbitrary length: independence on Rashba



Derivation of the relation between 
the total Josephson current I(χ) and 
the spectrum function g(ε, χ)



Conditions for experimental observation
of the Andreev levels

Resonant absorbtion of microwaves
Measurement of the tunneling density of states



Open problems

Calculation of the average spin polarization Sy in 
the 2DEG region, existing at a nonzero 
supercurrent in the SNS junction
Taking into account of the electron-electron 
interaction:  a supercurrent-induced average spin 
polarization will induce, in the presence of e-e
interaction, an effective Zeeman field which may 
strongly modify the Andreev levels as well as the 
Josephson current


