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Usual impurities affect electric charge. => 

Same scattering for both electrons of the Cooper pair.

Magnetic impurity can flip the spin of electron. =>

Scattering can lead to the state with parallel spins. Pauli principle. =>

Two electrons of a Cooper pair can not be at the same point. Pair is destroyed.  

S-wave superconductor with impurities

Single magnetic impurity: exchange interaction SrJ
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Zero harmonics



RKKY in the superconductor. Helical magnetic order with the period: 

Superconductivity prevents from ferromagnetic ordering.
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Anisotropy field chooses direction of easy magnetization. Magnetic domains.  

Anderson, Suhl, 1959



1. Consider a superconducting system with a regular 1d lattice of magnetic

atoms deposited on top of it.

2. Shiba states form a band. 

3. Helical magnetic order. 

4. Combination of the superconductivity and helical magnetic order might lead 

to the topological superconductivity. 

Pientka et al., PRB 88, 155420 (2013)
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Position dependent superconducting order parameter 

BdG equation in the Nambu basis

Consider magnetic texture of the form:

Rontynen and Ojanen, arxiv: 1406.4288 Phase diagram in the presence of 

the supercurrent.



Transformed BdG equation takes the form

Single magnetic moment:

With supercurrent

Without supercurrent



Chain of magnetic impurities:

Helical magnetic order

The spectrum is calculated.



Different phases are separated by the condition: 0)(min =kE

Helical structure is nonplanar



Main results:

1. For nonplanar magnetic structures:

Supercurrent tunes the gapless phase to the gapped topological phase.

In some cases the topological phase increases in the phase diagram.

2. For planar magnetic helix:

Without the supercurrent system is gapped.

Supercurrent drives the system towards the gapless phase.


