Zero-bias peak induced by a magnetic impurity in a conventional
superconductor: first principles-based study

Kyungwha Park!*, Bendeguz Nyari?, Andras Laszlo6ffy?, Laszl6 Szunyogh?, Balazs Ujfalussy’
'Department of Physics, Virginia Tech, Blacksburg, Virginia 24061, USA

’Department of Theoretical Physics, Budapest University of Technology and Economics, P.O. Box 91, H-
1521 Budapest, Hungary

'Wigner Research Centre for Physics, P.O. Box 49, H-1525 Budapest, Hungary
+E-mail: kyungwha@vt.edu

Topological superconductivity has emerged a promising platform for fault-tolerant quantum computing
using braiding of Majorana modes. Considering that intrinsic topological superconductors are rare, various
heterostructures including s-wave superconductors have been proposed to realize topological
superconductivity. One of the viable heterostructures consists of ferromagnetic chains on conventional
superconductors. Here we present our first-principles based study of a single magnetic impurity at the
surface of an s-wave superconductor by solving the Bogoliubov-de Gennes equations for embedded
impurity clusters within the screened Korringa-Kohn-Rostoker method in the framework of density-
functional theory. We investigate the local density of states or bound Yu-Shiba-Rusinov states within the
superconducting gap by varying the location of the magnetic impurity, the magnitude and direction of the
magnetic moment, and spin-orbit coupling. Interestingly, we find a zero-energy peak near the single
magnetic impurity with a judicious choice of environmental factors which may be observable in experiment.
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