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Fig. 1. (a) Schematic of magnetic atoms deposited in a ferromagnetic order as next-nearest neighbors on the surface of an s-wave su-
perconductor on the surface of a hollow cylindrical s-wave superconductor; (b) the band structure of the normal state of the ring.
(¢), (d) The band structures of the superconducting states with V' =0.4, JS = 0.5, A = 0.1, ¢ = 0.04x, the black arrows repre-
sent spin up or dowm: (¢) When the chemical potential falls between the energy gap 6JS in the normal state, the superconducting
state is gapped, p = 0.1; (d) the superconducting state is gapless when the chemical potential falls outside the energy gap 6JS in
the normal state, p = —2.
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Fig. 2. JS =10.5, p =0.1, ¢ = 0.04n : (a) The energy spectrum of the ferromagnetic ring model (1) on the condition of open

boundaries with 200 sites, V = 0.4 ; (b) the topological phase diagram.
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Fig. 3. The band structures and open boundary energy spectrums of the ferromagnetic ring with different strengths of SOC
agr, JS =0.4, ¢ =0.06n, V =0.4, A =0.3, the open boundary ring contains 100 sites: (a)-(c) The normal state energy bands;
(d)—(f) the open boundary energy spectra by scanning the chemical potential, with the parameters corresponding to (a)—(c) respect-
ively, A— B and A’ — B’ are gapless. M is Z invariant while —1 indicates topologically nontrivial; (g), (h) the superconduct-
ing energy bands with g = —2 when ar =0 and ar = 0.3, respectively, the inset in (h) shows the band structure near the gap

near zero energy.
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Fig. 4. The band structures and open boundary energy spectra of the magnetic ring with different patch angles, JS = 0.4,

¢ = 0.06m, V = 0.4, the open boundary ring contains 100 sites: (a)—(c) The bands of the normal states; (d)—(f) the open boundary

energy spectrums by scanning the chemical potential, with A =0.3.
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Fig. 5. The open boundary energy spectrums of the magnetic atomic ring with different strengths of SOC and patch angles. The

ring contains 100 sites and A =0.3, JS=V =0.4, ¢ = 0.06m.
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Abstract

A magnetic flux threading through magnetic atomic rings can induce topological superconductivity. It
provides a novel approach to achieving low-dimensional (2D) topological superconductivity, which requires
neither spin-orbit coupling nor helical magnetic order. In this paper, we introduce a topological superconductor
model by depositing a ferromagnetic atomic ring on the surface of a 2D s-wave superconductor. When the
moments of the magnetic atoms are perpendicular to the external magnetic field, a magnetic flux can induce
topological superconductivity. Considering practical experiments, because the magnetic atomic chain breaks the
inversion symmetry of the surface of the 2D substrate, the Rashba spin-orbit coupling (SOC) is introduced,
leading to the appearance of helical magnetic order in the atomic chain. According to previous researches, this
helical magnetic order ensures that the magnetic moments of the ring are perpendicular to the external
magnetic field, and the patch angle of neighbor moment of the helical order is proportional to the strength of
the SOC. However, the helical order or Rashba SOC may introduce topological superconductivity on their own.
It is meaningful to investigate the influence of the effects of the Rashba SOC and helical magnetic order on the
flux induced topological superconducting states. We find that the Rashba SOC has a disruptive effect on the
existing topological state, while helical magnetic order merely shifts its transition position in the parameter
space. Therefore, when selecting materials for experiment, it is recommended to choose materials with lower
Rashba SOC strength.
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