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Outlook
TITAN provides already the possibility of calculating 
dynamical magnetic responses in the non-
superconducting regime, in the future we will extend 
this capabilities to conduct investigations of these 
quantities on superconductors interfaced with 
magnetic materials.

Another future direction in our sight heads towards 
investigations on magnetic nanostructures (chains, 
islands, skyrmions) and superconductors with realistic 
superconducting gaps. In such systems we will 
analyse if the magnetic exchange interactions undergo 
renormalizations. And the overall impact of 
superconductivity on magnetism.

Abstract
Magnetic impurities coupled to superconductors give rise to a 
plethora of rich physics such as sub-gap states like Yu-Shiba-
Rusinov states and Majorana zero modes, which constitute key 
mechanisms on the road towards a topological quantum computer. 
The interplay of spin-orbit coupling and (non-collinear) magnetism 
enrich the complexity and topological nature of the in-gap states 
hosted in proximity-induced super-conductors. However, little is 
known about the impact of superconductivity on the different 
contributions to the magnetic exchange interactions, like the bilinear 
isotropic exchange and the Dzyaloshinskii-Moriya interaction — and 
in turn the impact on the magnetic textures. In this work, we propose 
a method for the extraction of the tensor of exchange interactions in 
the superconducting regime as described in the framework of the 
Bogoliubov-de Gennes method. We propose Mn monolayers 
deposited on the Nb(110) surface as prototypical test systems based 
on our multi-orbital tight-binding code TITAN.

Conclusions
TITAN successfully simulates multi-orbital 
superconducting systems with realistic gap 
parameters, the self-consistency is vital to renormalize 
the large initial values of the gap parameter. In our 
layered example the results show that 
superconductivity enhances the stability of the row-
wise antiferromagnetic state.

Magnetic exchanges in BdG
To investigate superconductors interfaced with 
magnetic materials we developed a method to 
calculate the tensor of magnetic interactions 
within the BdG formalism, employing 
infinitesimal rotations and the Heisenberg model


were   is the direction of the magnetization.
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Tight-binding framework

Recently we expanded it to enable the simulation of superconducting 
systems adding to the Hamiltonian a term for Cooper pairs. In second 
quantization it becomes

A common practice to simplify the solution of this Hamiltonian is to 
use a Bogoliubov transformation

These are the Bogoliubov-de Gennes (BdG) equations. We obtain the 
Green function with
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TITAN is a tight-binding code based on the Hamiltonian

Which turns the Hamiltonian into a block structure as follows

Were the gap parameter is
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In TITAN we find the electronic charge, magnetic moments, and 
superconducting gap parameter self-consistently.

And it is again separated in four blocks, each representing electron, 
hole, and electron-hole interactions
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Results

KKR* (DFT)

* Full potential Korringa-Kohn-Rostoker Green function 
method
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TITAN
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Gap renormalization on a Nb (110) monolayer Capable to reach gaps in the meV regime

On slabs of Nb (110) of different thickness in 
proximity with magnetic Fe the superconducting 
gap is affected. Here we show the mid-slab gap

Nb (110)

Mn (110)

At  T = 10 K with 2X106 k-points
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λ = 4.08 eV, Δ = 200 meV

°40 °20 0 20 40
E ° EF [meV]

°0.0010

°0.0005

0.0000

0.0005

0.0010

L
D

O
S

[s
ta

te
s/

m
eV

]

Total

us

up

ud

Subjacent Nb, Δ = 9.2 meV
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